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cd /Users/shio/git/sgn-sdk && docker compose -f docker-compose.yml —f /Users/shio/LIGO/observi
git.liga.org ng/IGWN/IGWN-PI-20826/git/igwn-summer-school/tutorials/cbc/searches/gracedb-allowed-hosts.yml u
p —d
[+] up 7/7
Q Searchorgoto 1n [599+ + Container zookeeper

: " : + Container kafka
Chad Hanna igwn-summer-school [ Repository

+ Container influxdb Running

¥ main ~ lgwn-summer-school [/ tutorials / cbec / searches / README.md ) + Container grafana Running

L README md Find file Blame @ H + Cantainer sgnl-services Runr

+ Container gracedb-postgres Runni

E‘E Update CBC searchitutatial 86441af9  [Q History Container sgn-sdk-gracedb-1 Rur

Hanna authored 5 minutes ago

cd /Users/shio/git/sgn-sdk && /Library/Developer/CommandLineTools/usr/bin/make datasources
Waiting for services...

Creating datasources...

Attempting to create Simplelson data source gstlal_interval pointing at http://sgnl-services:5
555/cgi-bin/interval

README.md 2782 KiB Code | Preview =+ B|R data source with the same name already exists

1 R

& Code owners Assign users and groups as approvers for specific file changes. Learn more. Manage branch rules

nE@®i

Attempting to create Simplelson data source test_suite_far_threshold pointing at http://sgnl-s
ervices:5555/cgi-bin/test/far_threshold

Building and Running a Real-Time Compact-Binary Search datassaurce With: the seme palieialrecdyterlsts
Attempting to create Simplelson data source gstlal_trials_factor pointing at http://sgnl-servi

ces:5555/cgi-bin/test/trials_factor
data source with the same name already exists

IGWN summer school — CBC searches tutorial

o
o
-

In this tutorial you will build a complete, working gravitational-wave search on your laptop — the same software stack (the SGN

family and the SGNL pipeline) that performs low-latency compact-binary searches on real detector data, You will: Attempting to create InfluxDB data source sgnl pointing at http://influxdb:8886 with DB=sgnl
data source with the same name already exists
. Generate a reference noise curve for a pair of simulated detectors.

. Place a template bank of binary-black-hole waveforms around 30+30 M® using a Riemannian-metric tiling of the mass— Datasources created

spin manifold.
. i E z : . S GraceDB: http://127.0.0.1:8080 (test_user / test_password)

. R?f.me the bank by certifying every cell against real waveform matches, and measure its efficacy with random injections Grafana: http://127.0.8.1:3000 (acmin / sgnl)

(fiting factors). (base) shio@shiosakon searches % make pull
. SVD the bank into the compact orthonormal filter set used for low-latency filtering. latest: Pulling from chad=hanna/igwn=-summer-school
. Bootstrap a ranking statistic (likelihood ratio and false-alarm-rate calibration). Digest: sha256:08291988b56d7elfbbf@3b8efc7de’7c3eddbecl2bal3bchbe241197d0a7614256b
Status: Image is up to date for containers.ligo.org/chad-hanna/igwn-summer-school:latest
: : . : 2 containers.ligo.org/chad-hanna/igwn-summer-school:latest
watch the candidates it publishes appear in a local GraceDB running on your laptop. docker tag containers.ligo.org/chad-hanna/igwn-summer-school:latest sgnl-tutorial:latest
(base) shio@shiosakon searches % make up
docker compose up —d
[+] up 1/1

! » Container sgnl-tutorial Runni
tutorial container (this dir) sgn-sdk service stack (base) shio@shiosakon searches % make shell
docker compose exec tutorial bash

root@tutorial:/tutorial# ls
reference PS0 — template bank — SVD Kafka InfluxDB Brafana root@tutorial:/tutorial# l

. Run sgnl-inspiral in simulated real time on colored Gaussian noise with @ 30+30 M® injection every 30 seconds, and

I your laptop
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containers.ligo.org/chad-hanna/igwn-summer-school:latest

docker tag containers.ligo.org/chad-hanna/igwn-summer-school:latest sgnl-tutorial:latest
(base) shio@shiosakon searches % make up

docker compose up —d
[+] up 1/1

« Container sgnl-t

® Ask Duck.ai

git.ligo.org

e
Q Search ar goto + @ez M [Fo99s fl&ﬂ

rial Ru

Chad Hanna /| igwn-summer-school / Repository

(base) shio@shiosakon searches % make shell
docker compose exec tutorial bash
root@tutorial:/tutorial# ls
root@tutorial:/tutorial# make psd

make: **% No rule to make target 'psd'. Stop.
root@tutorial:/tutorial#

exit

make: *kx [shelll Error 2

(base) shioRshiosakon searches % ls

= This repository ( /tutorial/cbe/searches ), plus a checkout of sgn-sdk (git.ligo.org/greg/sgn-sdk , default tocation
~fgit/sgn-sdk ; override with REPD_RDOT=... 6 e.g., REPO_ROOT=/path/to/git ). That's it — the tutorial software itself
comes as a prebuilt container image.

0.1 Start the services (sgn-sdk)

2@ 1

a

a
a
-

All the service images — including GraceDB — are published multi-arch (amd6&4 and arm64), so Apple Silicon laptops run
everything natively with no local image builds. From this directory:

config
docker-compose.yml
Dockerfile

Makefile
README . md
scripts

make services

This runs sgn-sdk's compose stack with the tutorial's override file ( gracedb-allowed-hosts.ymL ), which does three things: lets
containers on the compose network talk to GraceDB, un-publishes Postgres from host port 5432 {a common collision), and
keeps the Kafka/Zookeeper/Grafana/ InfluxDB state in named volumes (reguired for rootless Podman, tidier everywhere). It also
creates the Grafana datasources and the sgnl InfluxDB database. When it is up:

+ GraceDB: hitp://127.0.0.1:8080 — log in with test_user / test_password
= Grafana: http:/{127.0.0.1:3000 — admin / sanl

The first GraceDB start runs Django migrations; give it a minute, then check that http://127.0.0.1:8080/api/ returns JSON.

0.2 Get and start the tutorial container

make pull
make up
make shell

The image is built by this repository's Cl on every release tag, with every sgn-family package pinned to an explicit upstream
commit in the Dockerfile — what you pull is exactly what was tested. If you prefer (or the registry is unreachable), make
image builds the identical image locally in ~15-20 minutes; it clones everything from git.lige.org atthe pinned commits, so
no local checkouts are needed.

Everything below happens inside the container (the prompt shows /tuterial ). The directory is bind-mounted, so all outputs
appear in work/ on your laptop too. You can open as many shells as you like with make shell — you will want several for the
final part (the search, the uploader, and optionally the metric aggregators each get one).

1. The reference PSD

Pirsa: 26080018

gracedb-allowed-hosts.yml

(base) shio@shiosakon searches % make shell
docker compose exec tutorial bash
root@tutorial:/tutorial#

exit

(base) shio@shiosakon searches % REPO

(base) shio@shiosakon searches % 1ls ~/git/sgn-sdk
apache-mutex.conf influx.env
arrakis influxdb.conf
check_environment.sh kafka_data
condor kafka.env
createInfluxDataSource.sh Makefile
createSimpleJsonDataSource.sh  microservices.py
django.env README . md
docker-compose.yml server.properties
gracedb_cache test_services.sh
gracedb_data VERSION
gracedb_logs zoo_data
grafana_data zoo_logs
grafana.env ZoD.env
influx_data

(base} shio@shiosakon searches % pwd
/Users/shio/LIG0/observing/IGWN/IGWN-PI-2826/git/igwn-summer-school/tutorials/chc/searches
(base) shio@shiosakon searches % REPO_ROOT=~/git
(base) shioRshiosakon searches % make screen
make: #%% No rule to make target “screen'. Stop.
(base) shioRshiosakon searches % make shell
docker compose exec tutorial bash
root@tuterial:/tutorial# make psd

make: #** No rule to make target 'psd'. Stop.
root@tutorial:/tutorial# ls
root@tutorial:/tutorial#

exit

[(base) shio@shiosakon searches % pwd

/Users/shio/LIG0/observing/IGWN/IGWN-PI-2826/git/igwn—summe
(base) shio@shiosakon searches % [I

school/tutorials/cbc/searches
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Last login: Thu Aug 13 11:58:28 on ttys@ll
git.lige.org . (base) shio@shiosakon-2 ~ % cd LIGO/observing/IGWN
(base) shio@shiosakon-2 IGWN % l1s
IGWN-PI-20826
Q search or goto LRUNCELE 51 ((base) shio@shiosakon-2 IGWN % cd IGWN-PI-2026
(base) shio@shiosakon-2 IGWN-PI-2824 % ls
git tutorial
(base) shio@shiosakon-2 IGWN-PI-2826 % cd git
(base) shio@shiosakon-2 git % s
zsh: command not found: s
A (base) shio@shiosakon-2 git % ls
0. Prerequmtes and setup igwn-summer—school sgn-sdk
Miniconda3-latest-Linux—aarché4.sh Untitled.ipynb
You need: (base) shio@shiosakon-2 git % cd igwn-summer—school
; (base) shio@shiosakon-2 igwn—summer-—school % cd tutorials/cbc/searches
* Acontainer runtime, any one of: (base) shio@shiosakon-2 searches % make shell
; ; ; 3 o docker compose exec tutorial bash
o Docker on Linux — if you already run Docker Engine, everything here works as-is; just confirm you have the compose root@tutorial:/tutorial# make psd
v2 plugin ( docker compose version — note the space; the hyphenated docker-compoese Vv1is too old for these make: %k No rule to make target 'psd'. Stop.
compose files). root@tutorial:/tutorial# *Clima
root@tutorial:/tutorial# [

Chad Hanna | igwn-summer-school | Repository

e e R R R S e S S

=@ @

Docker on macQS — Docker Desktop, or Colima: colima start --memory 12 --cpu 4.

aE@i

rootless Podman (Linux, if you'd rather not install Docker — no root daemon required). On Debian/Ubuntu, beware that
apt install podman pulls in the obsolete compose v1; the trailing-dash deselect below avoids it and gets
docker-compose-v2 instead:

sudo apt install podman podman-docker docker-compose-

»
o
-8

systemctl --user enable --now podman.socket
export DOCKER_HOST=unix://$X0G_RUNTIME_DIR/podman/podman.sock

(Fedora/RHEL: sudo dnf install podman podman-docker docker-compose — Fedora's docker-compose is already
v2,) After that, every make target here works unchanged: they all go through the DOCKER / COMPOSE Makefile variables,
and make DOCKER=podman ... also works if you prefer Pedman's own compose delegation. On SELinux-enforcing
systems the sgn-sdk compose file's bind mounts may additionally need :z labels — the tutorial's own mounts already
carry them.

Either way: ~15 GB of free disk and ~8 GB of RAM available to containers.

+ This repository { /tutorial/cbc/searches ), plus a checkout of sgn-sdk (git.ligo.org/greg/sgn-sdk , default location
~fgit/sgn-sdk ; override with REPO_RO0T=. .., e.g., REPO_RO0T=/path/to/git ). That's it — the tutorial software itself
comes as a prebuilt container image.

0.1 Start the services (sgn-sdk)

All the service images — including GraceDB — are published multi-arch {(amd&4 and arm64), so Apple Silicon laptops run
everything natively with no local image builds. From this directory:
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Everything below happens inside the container (the prompt shows /tutorial ). The directory is bind-mounted, so all outputs
appear in work/ on your laptop toc. You can open as many shells as you like with make shell — you will want several for the
final part (the search, the uploader, and optionally the metric aggregators each get one).

1. The reference PSD

make psd

The simulated detectors in this tutorial produce Gaussian noise colored by an analytic advanced-detector-like power spectral
density,

1 2 i §
S(f)=3x107% l(ﬁén) + 8y (",’”)’J Ha,

implemented in sgnligo.psd.fake_gwdata_psd . This step writes that PSD to work/reference_psd.xml.gz for H1and L1.
Because the same curve colors the fake data, drives the bank metric, and whitens the SVD filters, every stage of the tutorial is
exactly matched to the data it will filter — a luxury real analyses approximate by measuring the PSD.

Before moving on, lock at what you're dealing with:

make plots
&

This writes five diagnostic figures inte work/ :

s« psd_plot.png — the analytic reference ASD overlaid with a Welch-median ASD measured from the synthetic data (they
agree — the noise source is faithful to the curve);
psd_acf.png — tha noise autocorrelation function implied by the PSD: colored noise is correlated over tens of
milliseconds, which is exactly why naive %2 statistics fail on raw strain;
colored_data.png — a stretch of the raw synthetic strain: slow ~10 Hz swings from the loudest in-band noise with high-
frequency fuzz on top,
whitened_data.png — one second of raw strain (with an inset resolving the high-frequency substructure riding on the
slow swings) above the same second whitened against a measured PSD, as the pipeline's tracking whitener does: a
featureless unit-variance Gaussian time series, with the amplitude histogram to prove it;
waveform_raw_whitened.png — a 30+30 M® waveform before and after whitening: the raw chirp spends ~3 s in band, but
whitening reweights it to the datector's sensitive band — nearly all the recoverable SNR lives in the final tenth of a second;
horizen_distance.png — the SNR = 8 horizon distance versus total mass for equal-mass binaries (2-400 M@,
IMRPhenomD, 10-1024 Hz): amplitude grows with chirp mass until the merger frequency sweeps down through the
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make: ##* [shell]l Error 130

(base) shio@shiosakon-2 searches % which colima

/opt/homebrew/bin/colima

(base) shio@shiosakon-2 searches % make service

make: sk No rule to make target ‘service'. Stop.

(base) shio@shiosakon-2 searches % make services

cd /Users/shio/git/sgn-sdk &% docker compose —f docker—compose.yml —f /Users/shio/LIGO/observin

o/ IGWN/IGWN-PI-2826/git/igwn—summer—school/tutorials/cbc/searches/gracedb—allowed-hosts.yml up

-d

[+] up 7/7

v Container
Container kafka
Container influxdb
Container grafana
Container sgnl-services Running
Container gracedb-postgres Running
Container sgn-sdk-gracedb-1 Running

cd /Users/shio/git/sgn-sdk && /Library/Developer/CommandLineTools/usr/bin/make datasources

Waiting for services...

Creating datasources...

Attempting to create Simplelson data source gstlal_interval pointing at http://sgnl-services:55

55/cgi-bin/interval

data source with the same name already exists

zookeeper Running

Running

Attempting to create Simplelson data source test_suite_far_threshold pointing at http://sgnl-se
rvices:5555/cgi-bin/test/far_threshold
data source with the same name already exists

Attempting to create Simplelson data source gstlal_trials_factor pointing at http://sgnl-servic
es:5555/cgi-bin/test/trials_factor
data source with the same name already exists

Attempting to create InfluxDB data source sgnl pointing at http://influxdb:80886 with DB=sgnl
data source with the same name already exists

Datasources created

GraceDB: http://127.0.0. (test_user / test_password)

Grafana: http://127.0.0. (admin / sgnl)

(base) shio@shiosakon-2 searches % make pull

Error response from daemon: failed to resolve reference "containers.ligo.org/chad-hanna/igwn-su
mmer-school:lates failed to do request: Head "https://containers.ligo.org/v2/chad-hanna/igwn
-summer-school/manifests/latest": net/http: TLS handshake timeout

No image at containers.ligo.org/chad-hanna/igwn—-summer-school:latest.
CI publishes images when a git tag is pushed to the
igwn-summer-school repo (see the root .gitlab-ci.yml).
Until then, build locelly instead: make image
(If the project/registry is private you may also need:
docker login containers.ligo.org)
make: %% [pull] Error 1
(base) shio@shiosakon-2 searches % ||
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Trequency wall. Note where the tutorial’'s 3U+3U M source sits — a horizon of several Bpc IS exactly why the bUU Mpc
test injections arrive at network SNR ~90.

2. Placing the template bank
make bank

Matched filtering needs a discrete set of template waveforms that covers the continuous space of source parameters, such that
any real signal loses at most a few percent of its signal-to-noise ratio (SNR) to the mismatch with the nearest template.
sgn-manifold treats the parameter space as a Riemannian manifold: the metric g;; is the second derivative of the waveform
match around a paint, sothat 1 — M (8,0 + dff) = g;; dfid@’. Starting from one rectangle covering the whole region, it
recursively bisects along the metrically longest axis until each cell is small enough to be covered by a single template at the
target maximum mismatch (the mm setting in the config; mm: 8.81 is a 1% worst-case SNR-squared loss).

The configuration is config/bank.yaml: a chirp-mass band around 30+30 M@, small aligned spins, metric integrated from 15
Hz using the IMRPhenomD Inspiral-merger-ringdown approximant. It writes work/bank.hS plus a placement plot
work/bank_m1_m2.png — look at the plot: the tiles are small where the metric says waveforms change fast (low mass) and
large where they do not.

3. Refining the bank and measuring its efficacy
Y

make refine
make bank-test

The placement metric is a local quadratic model, so production banks are never trusted as placed.
sgn-manifold-cbe-bank-check-coverage draws random points inside every cell, computes real time- and phase-maximized
matches against the neighboring templates, and bisects any cell whose worst probe falls below the target match (0.89 in the
Makefile), iterating until everything is certified. (For a well-behaved region the placed bank often passes immediately — the
interesting output is the certification itself. Try coarsening mm in config/bank.yaml and re-running to watch it split cells.)

make bank-test then measures what actually matters: the fitting factor. It draws NUM_INJECTIONS (1000 by default) random
signal parameters in the region, and for each one finds the best real match over the whole bank. Look at
work/bank-test_mismatch_histogram.png and the bank-test_match_vs_%.png scatter plots: you should find mean
mismatches well below the placement mm and a worst case not far above it — the worst fitting factor is the largest SNR fraction
the bank's discreteness can cost a signal in this region.

4, Exporting and SVD-ing the bank

Pirsa: 26080018
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make: ##x [shell]l Error 130
(base) shio@shiosakon-2 searches % which colima
/opt/homebrew/bin/colima
(base) shio@shiosakon-2 searches % make service
make: ¥k No rule to make target ‘service'. Stop.
(base) shio@shiosakon-2 searches % make services ]
cd /Users/shio/git/sgn-sdk &% docker compose —f docker—compose.yml —f /Users/shio/LIGO/observin
g/ IGWN/IGWN-PI-2826/git/igwn—summer—school/tutorials/cbc/searches/gracedb—allowed-hosts.yml up
-d
[+] up 7/7
+ Container zookeeper
Container kafka
Container influxdb
Container grafana Running
Container sgnl-services Running
Container gracedb-postgres Runni
¢ Container sgn-sdk-gracedb-1 Running
cd /Users/shio/git/sgn-sdk && /Library/Developer/CommandLineTools/usr/bin/make datasources
Waiting for services...
Creating datasources...
Attempting to create Simplelson data source gstlal_interval pointing at http://sgnl-services:55
55/cgi-bin/interval
data source with the same name already exists

Running

Running

Attempting to create Simplelson data source test_suite_far_threshold pointing at http://sgnl-se
rvices:5555/cgi-bin/test/far_threshold
data source with the same name already exists

Attempting to create SimpleJson data source gstlal_trials_factor pointing at http://sgnl-servic
es:5555/cgi-bin/test/trials_factor
data source with the same name already exists

Attempting to create InfluxDB data source sgnl pointing at http://influxdb:80886 with DB=sgnl
data source with the same name already exists

Datasources created

GraceDB: http://127.0.0.1:8080 (test_user / test_password)

Grafana: http://127.0.0.1:3000 (admin / sgnl)

(base) shio@shiosakon-2 searches % make pull

Error response from daemon: failed to resolve reference "containers.ligo.org/chad-hanna/igwn-su
mmer-school:latest": failed to do request: Head "https://containers.ligo.org/v2/chad-hanna/igwn
-summer-school/manifests/latest": net/http: TLS handshake timeout

No image at containers.ligo.org/chad-hanna/igwn—-summer-school:latest.
CI publishes images when a git tag is pushed to the
igwn-summer-school repo (see the root .gitlab-ci.yml).
Until then, build locelly instead: make image
(If the project/registry is private you may also need:
docker login containers.ligo.org)
make: %% [pull] Error 1
(base) shio@shiosakon-2 searches % ||
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sample rates and reconstructs all the template SNRs by matrix multiplication. Once per detector: you now have
work/H1-0006_TUTORIAL_SVD_BANK-©-0.xml.gz and its L1twin.

5. Bootstrapping the ranking statistic

make mass-model
make prior

make dashboard

make aggregator
make aggregator-far
make ginterval

make burnin

make rankpdf

An SNR threshold alone is a poor detection statistic. sgnl ranks each candidate with a likelihood ratio: the probability of the
observed SNRs, ¥? values, time and phase offsets, and participating detectors under the signal hypothesis versus the noise
hypothesis. Turning that number into a false-alarm rate (FAR) requires knowing the noise distribution of the statistic. Four files
carry this machinery:

file contents

mass_model.h§ astrophysical prior over templates (Salpeter mass function)

...LIKELIHOOD_RATIO... the likelihood-ratio object: trigger rates, SNR/x® PDFs

.. .RANK_STAT_PDFS... noise + zerolaq distributions of the statistic - FAR map

...ZEROLAG_RANK_STAT_POFS. .. observed-candidate histogram the job updates as it runs

The monitoring steps come before the burn-in on purpose: the burn-in is the first time real metrics flow, so get Grafana
watching first. make dashboard publishes the production "Main Analysis Dashboard SGNL" to your local Grafana (resolving its
datasource placeholders against the running stack); the two aggregators consume the search's Kafka metric topics into
InfluxDB and keep running for the rest of the tutorial. make ginterval serves the dashboard's retention-aware interval selector
— the dashboard's panels query it to pick the right data resolution for the zoom level, so it needs to be running for the
dashboard to display properly.

make burnin runs the actual online search for ~6 minutes with no event output, just to measure the single-detector trigger
rates in this noise (typically tens per second per detector). Watch the dashboard at http://127.0.0.1:3000 ( admin [ sgnl } while it

Pirsa: 26080018
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® AskDuckai @

® 127.0.0.1:3000 1l =

Main Analysis Dashboard SGNL +f ¢

HIGIPIWL LIRS,

analysis name: sgnl

RRT Base Dashboard:

SNR History Range History

GraceDB:

gwistat: onlin n.org

All Sky Test Suite Dashboard: h

Job Status Inj

kelihood History Latency History
marginalize

likelihoods
trigger counter
event uploader
pastro uploader

event plotter

undefined-1

event plotter
undefined-2

AR e owmrrromawdne Senrrere i AR
Error response from daemon: failed to resolve reference “"containers.ligo.org/chad-hanna/igwn-su
mmer-school:lates failed to do request: Head "https://containers.ligo.org/v2/chad-hanna/igwn
-summer-school/manifests/latest": net/http: TLS handshake timeout

Max time since ' RAM usane ma

No image at containers.ligo.org/chad-hanna/igwn—-summer-school:latest.
CI publishes images when a git tag is pushed to the
wn-summer-school repo (see the root .gitlab-—ci.yml).
til then, build locally instead: make image
(If the project/registry is private you may also need:
docker login containers.ligo.org)
make: % [pull] Error 1 B
(base) shio@shiosakon-2 searches % []
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make mass-model
make prier

make dashboard

make aggregator
make aggregator-far
make ginterval

make burnin

make rankpdf

An SNR threshold alone is a poor detection statistic. sgnl ranks each candidate with a likelihood ratio: the probability of the
observed SNRs, x* values, time and phase cffsets, and participating detectors under the signal hypothesis versus the noise
hypothesis. Turning that number into a false-alarm rate (FAR) requires knowing the noise distribution of the statistic. Four files
carry this machinery:

file contents

mass_model.h5 astrophysical prior over templates (Salpeter massIfunction)

...LIKELTHODD_RATIO.. . the likelihood-ratio object: trigger rates, SNR/x? PDFs

...RANK_STAT_PDFS... noise + zerolag distributions of the statistic > FAR map

- .. ZEROLAG_RANK_STAT_PDFS. .. observed-candidate histogram the job updates as it runs

The monitoring steps come before the burn-in on purpose: the burn-in is the first time real metrics flow, so get Grafana
watching first. make dashboard publishes the production "Main Analysis Dashboard SGNL" to your local Grafana (resolving its
datasource placeholders against the running stack); the two aggregators consume the search's Kafka metric topics into
InfluxDB and keep running for the rest of the tutorial. make ginterval serves the dashboard's retention-aware interval selector
— the dashboard's panels query it to pick the right data resolution for the zoom level, so it needs to be running for the
dashboard to display properly.

make burnin runs the actual online search for ~6 minutes with no event output, just to measure the single-detector trigger
rates in this noise (typically tens per second per detector). Watch the dashboard at http://127.0.0.1:3000 ( admin / sgnl ) while it
runs: the per-stage latency panels, SNR histories, and uptime light up within a minute or two. The FAR and likelihood panels
stay dark — there is no ranking statistic yet, which is precisely what the rest of this part fixes — and the uploader heartbeat
waits for Part 6.

R T I AL FA ST FARIIIATR & i adfme ammleinie wnfiimmm fm mmmime TiealTlm m dm 8T mmale ke mhm
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make: ##x [shell]l Error 13@

3 15:86:09 on ttys@es
~ % cd LIGO/observing/IGWN/IGHN-PI-2826 p
IGWN-PI-2026 % ls 1 ¥
IGWN-PI-2026 % cd git

Z LT docker-compose.yml —f /Users/shio/LIG0/observin
2 git ¥ 1s

e ials/chc/searches/gracedb—allowed-hosts.yml up
aarché4.sh Untitled.ipynb
git % cd igwn-summer-school/tutorials/chbc/searches

-2 searches % make shell

utorial bash

/CommandLineTools/usr/bin/make datasources

al_interval pointing at http://sgnl-services:55
bb/Egl-Din/interval
data source with the same name already exists

Attempting to create Simplelson data source test_suite_far_threshold pointing at http://sgnl-se
rvices:5555/cgi-bin/test/far_threshold
data source with the same name already exists

Attempting to create Simplelson data source gstlal_trials_factor pointing at http://sgnl-servic
es:5555/cgi-bin/test/trials_factor
data source with the same name already exists

Attempting to create InfluxDB data source sgnl pointing at http://influxdb:80886 with DB=sgnl
data source with the same name already exists

Datasources created

GraceDB: http://127.0.0. (test_user / test_password)

Grafana: http://127.0.0. (admin / sgnl)

(base) shio@shiosakon-2 searches % make pull

Error response from daemon: failed to resolve reference "containers.ligo.org/chad-hanna/igwn-su
mmer-school:lates failed to do request: Head "https://containers.ligo.org/v2/chad-hanna/igwn
-summer-school/manifests/latest": net/http: TLS handshake timeout

No image at containers.ligo.org/chad-hanna/igwn—-summer-school:latest.
CI publishes images when a git tag is pushed to the
wn-summer-school repo (see the root .gitlab-—ci.yml).
til then, build locally instead: make image
(If the project/registry is private you may also need:
docker login containers.ligo.org)
make: % [pull] Error 1 B
(base) shio@shiosakon-2 searches % []
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(base) shio@shiosakon-2 searches % make service
git.lige.org . make: s%x No rule to make target 'service'. Stop.
(base) shio@shiosakon-2 searches % make services |
cd /Users/shio/git/sgn—sdk && docker compose —f docker—compose.yml —f /Users/shio/LIGO/observin
g/ IGWN/IGWN-PI-2826/git/igwn—summer—school/tutorials/cbhc/searches/gracedb—allowed-hosts.yml up
—-d
Chad Hanna | igwn-summer-school | Repository [+1 up 7/7
Container zookeeper Running
file contents Container kafka 2
Container influxdb
mass_model.hS astrophysical prior over templates (Salpeter mass function) v Container grafana
Container sgnl-services
...LIKELIHOOD_RATIO... the likelihood-ratio object: trigger rates, SNR/x? PDFs v Conta}ner gracedb-postgres Running
« Container sgn-sdk-gracedb-1 Running
cd /Users/shio/git/sgn-sdk && /Library/Developer/CommandLineTools/usr/bin/make datasources
Waiting for services...
Creating datasources...
Attempting to create Simplelson data source gstlal_interval pointing at http://sgnl-services:65
55/cgi-bin/interval
The manitoring steps come before the burn-in on purpose: the burn-in is the first time real metrics flow, so get Grafana data source with the same name already exists
watching first. make dashboard publishes the production "Main Analysis Dashboard SGNL" to your local Grafana (resolving its
datasource placeholders against the running stack); the two aggregators consume the search's Kafka metric topics into
InfluxDB and keep running for the rest of the tutorial. make ginterval serves the dashboard's retention-aware interval selector
— the dashboard's panels query it to pick the right data resolution for the zoom level, so it needs to be running for the

dashboard to display properly. Attempting to create Simplelson data source gstlal_trials_factor pointing at http://sgnl-servic

es:5bbb/cgi-bin/test/trials_factor
make burnin runs the actual online search for ~6 minutes with no event output, just to measure the single-detector trigger data source with the same name already exists

rates in this noise (typically tens per second per detector). Watch the dashboard at http://127.0.0.1:3000 { admin / sgnl ) while it

runs: the per-stage latency panels, SNR histories, and uptime light up within a minute or two. The FAR and likelihood panels Attempting to create InfluxDB data source sgnl pointing at http://influxdb:8886 with DB=sgnl
stay dark — there is no ranking statistic yet, which is precisely what the rest of this part fixes — and the uploader heartbeat data source with the same name already exists

waits for Part 6.

Q Searchorgoto 11n Koo+ §

...RANK_STAT_PDFS.. . noise + zerolag distributions of the statistic & FAR map

1 RIE

...ZEROLAG_RANK_STAT_PDFS. .. observed-candidate histogram the job updates as it runs

Attempting to create Simplelson data source test_suite_far_threshold pointing at http://sgnl-se
rvices:5556/cgi-bin/test/far_threshold
data source with the same name already exists

aeE@i

®
o
-

Datasources created
NOTE THE FAKE FAST FORWARD. A production analysis refuses to assign likelihoods until each detector has logged 107
triggers, and refuses to assign FARs until the statistic's noise PDF holds =108 samples and =102 observed candidates — about GraceDB: http://127.0.0.1:8080 (test_user / test_password)
two days of burn-in at our trigger rate. make rankpdf compresses this: it extends the trigger-rate history backwards at the rate Grafana: http://127.0.0.1:3008 (admin / sgnl)

: : . .
you just measured (so all recorded rates are unchanged), Monte-Carlo samples the noise PDF with 22° draws (base) shio@shiosakon-2 seaICh?s % make pull 5 5 A :

R i i Error response from daemon: failed to resolve reference "containers.ligo.org/chad-hanna/igwn-su
( strike-cale-rank-pdfs ), scales that histogram — shape untouched — up to the required count, and seeds the zerolag

H : £ I e ; 4 : mmer-school:latest": failed to do request: Head "https://containers.ligo.org/v2/chad-hanna/igwn
histogram with the shape the noise model predicts. Each operation is only legitimate because this data really is stationary

—-summer-school/manifests/latest”: net/http: TLS handshake timeout
Gaussian noise — the script that does it ( scripts/fast_forward_rank_stats.py } says so loudly, and the optional make

marginalizer target shows the production path. No image at containers.ligo.org/chad-hanna/igwn-summer-school:latest.
CI publishes images when a git tag is pushed to the
6. The real-time search 1gwr)—summer—scfjool repo (s?e the root .g:."clab—c:..ymlJ.
Until then, build locally instead: make image
(If the project/registry is private you may also need:
docker login containers.ligo.org)
make: ssx [pulll] Error 1
Shell 1 — the search:
(base) shio@shiosakon-2 searches % make shell
docker compose exec tutorial bash
make inspiral root@tutorial:/tutorial# ls
rootPtutorial:/tutorial# [

Open two shells in the container { make shell twice from the host).
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—-gschema latency_histary_median 3\
—-schema H1_datasource_latency \
——schema L1_datasource_latency \
—-schema H1i_whitening_latency \
—-schema L1_whitening_latency
—-schema H1_shrSlice_latency \
—-schema L1_snrS§lice_latency %
--schema all_itacacac_latency \
—-gschema H1_sny_histary \

—-schema L1_shr_history \

—--schema snr_history %

—--schema uptime \

--schema event uploader heartbeat %
—-schema marginalize_likelihoads_online_heartheat

b

Fon

{base) olivialaske®Olivias-MacBook-Air-é searches % make shell
docker compase exec tutarial bash
root@tutarial:/tuterial# make aggregator-far
cd work && scald aggregate
—-ganfig ..fecanfig/scald.yml \
=-uri kafka://tutorial-callect-farPkafka:9892 \
--data-type timeseries \
=--topic sgnl.tutorial.likelihood_history %
--tapic sgnl.tutarial.far_history %
==tapic sgnl.tutarial.ram_history \
--schema likelihood_histary
-=schema far_history \
==gchema ram_history \
==across-johs

b
Fne
chaol/tutorials/chec/searches

{base) olivialaskePOlivias-MacBook-Air-é searches % make shell

docker compose exec tutorial bash

root@tutorial:/tutorial# make ginterval

sgneskig-ginterval-service --port 8@87

2826-88-13 19:19:37,827 INFO sgn.sgneskig.ginterval service: Starting gin
terval service on @.9.6.@:8087

# Serving Flask app 'sgneskig.bin.ginterval_service'

# Debug mode: off

2826-88-13 19:19:37,828 INFO werkzeug: WARNING: This is a development ser
ver. Do not use it in a production deployment. Use a production WSGI serv
er instead,

* Running on all addresses {@.8.8.d)

# Running on http://127.8.8.1:8887

# Running on http://172.18.8.9:8687

2826-88-13 19:19:37,828 INFD werkzeug:

Pirsa: 26080018
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warnings.warn(
fusrf/local/lib/pythen3.11/site-packages/igwn_ligolw/lsctables.py:3@33: UserWarning: igwn_ligolw.lsctables.use in() is deprecate
d. simply importing the lsctables module automatically enables the custom table support features it provides.
warnings.warn(
fusrflocal/lib/pythond.11/site-packages/igwn_ligolw/param.py:43: UserWarning: igwn_ligelw.param medule is deprecated. the feat
ures previously implemented by the Param class in this module are now implemented natiwely by the Param class in the igwn_ligol
w.ligolw module proper. this module will be removed in the next release.
warnings.warn(
fusrflocal/lib/pythond.11/site-packages/igwn_ligolw/array.py:46: UserWarning: igwn_ligelw.array medule is deprecated. the feat
ures previously implemented by the Array class in this module are now implemented natively by the class in the igwn_ligelw.ligo
1w module praper. this module will be removed in the next release.
warnings.warn(
Real-time mode: will run indefinitely, synced with wall time
reading 'H1-@@@@_TUTORIAL_SVD_BANK-@-@.xml.gz' ...
writing */tmp/tmpglimmifyS,xml.gz* ...
reading 'L1-@8@8@_TUTORIAL_SVD_BANK-@-8.xml.gz" ...
writing '/tmp/tmp8a8bvi2g.xml.gz® ...
Using nsubbanks 1
sorted _unigue rates
[2068: 1, 2561 1, 64 1, 'bankid': '@_@'}
Preparing temsors for LLOID methods... Done.
Parsing P_of _Template c¢lass
Parsing P_of_tref_given_Template class
Parsing P_of_ifas_given_tref class
Parsing P_of_dt_dphi_given_tref_Template class
Parsing P_of_SMR_chisq_given_dt_dphi_tref_Template class
No count_tracker data to load for ife: L1 chi
No count_tracker data to load for ife: H1 chi
Mo count_tracker data to load for ifo: L1 combochi I
No count_tracker data to load for ife: H1 combochi
Parsing P_of_phiref_given_SNR_chisq_tref_dt_dphi_Template class
Loading population madel
dtdphi_file is not set, so loading the file in the build : /src/strike/data/inspiral_dtdphi_pdf.hS
likelihood ratio assignment DISABLED
Thu Aug 13 19:28:07 2026 cannot load file,
reading 'reference_psd.xml.gz' ...
reading 'reference_psd.xml.gz* ...
GraceDBSink: sending events to kafka
Thu Aug 13 19:20:08 2026 Initialize a new db for bankid: eeee
Warning: GWDataNoiseSource falling behind real time (-4.1@ s)
Warning: GWDataNoiseSource falling behind real time (-3.25 s)
Warning: GWDataNoiseSource falling behind real time (-2.28 s)
Warning: GWDataNoiseSource falling behind real time (-1.44 s)
Thu Aug 13 19:22:87 2826 cannot load file, false-alarm probability and rate assignment DISABLED
Thu Aug 13 19:22:07 2626 Writing out db 14786/H1L1V1-0@@8_noninj_SGNL_TRIGGERS-1470684825-128.s5qlite.gz...
Thu Aug 13 19:22:87 2026 Writing out likelihcod ratio and zercolag file 147@6/H1L1V1-2€@8_SGNL_LIKELIHOOD_RATIO-1479684825-120.x
ml.gz...
likelihood ratio assignment DISABLED
Thu Aug 13 19:24:@7 2626 cannot load file, false-alarm probability and rate assignment DISABLED
Thu Aug 13 19:24:87 2026 Writing out db 14786/H1L1V1-88@8_noninj_ SGNL_TRIGGERS-1470684145-12@.sglite.gz...
Thu Aug 13 19:24:87 2026 Writing out likelihood ratio and zerolag file 14706/H1L1V1-2@@@_SGNL_LIKELIHOOD_RATIO-14786B4145-120.x
ml.gz...
likelihood ratio assignment DISABLED

false-alarm probability and rate assignment DISABLED

¢ O U3 ® @ B
e X | I3 Grafana X+
i=heads [ @Pausea

Sign in

ith the reference PSD, slices them into time
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ncy searches affordable: instead of

plates at 16384 Hz, the pipeline correlatas
ample rates and reconstructs all the template
ow have work/H1-0088_TUTORIAL_SVD_BANK-

il ranks each candidate with a likelihood

me and phase offsets, and participating
aypothesis. Turning that number into a false-
of the statistic. Four files carry this
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Things to try while it runs:

+ make peek {(in any spare shell) — shows the newest candidates with their network SNR (~93 for the injectl
straight from the trigger database snapshots.

* curl -s $(cat work/BBBO_noninj_registry.txt) — every online job serves its state over HTTP; this is |
production marginalizer collects likelihood snapshots.

+ Walch the whitening settle: the first ~1 minute produces no triggers while the PSD tracker converges (we s
reference PSD to sherten this).

7. Your events in GraceDB

Open http://127.0.0.1:8080/latest/ (log in as test_user / test_password ). Within a couple of minutes of both p
running you should see G -numbered events accumulating: group CBC, pipeline SGNL, search AllSky, one rous
seconds (the uploader batches candidates from the same event window, so not every injection produces a dist|
immediately). Click one:

the coinc.xml attachment is the full LIGO-LW candidate record — the same document a production search
real event;

single-detector SNRs, the network SNR, FAR, and the recovered template parameters (compare massl, mg
301);

the event log shows the uploader's annotations.

Congratulations — you have built a template bank from scrateh, certified it, compressed it, calibrated a ranking
a live matched-filter search that publishes gravitational-wave candidates to an event database. This is, end to €
architecture of the real thing.

Going further L

= Continuous calibration. Instead of the one-shot make rankpdf, run make marginalizer alongside the search: it polls the
job's HTTP interface, re-samples the ranking-statistic PDFs from the accumulating data, and rewrites the FAR map the job
reloads at each snapshot — the production feedback loop.

More metrics. The aggregator targets consume a curated subset of the job's Kafka topics; keat -b 127.8.8.1:9196 -L

{on the host) lists everything the job actually publishes if you want to extend them — the schemas are all defined in
config/scald.ymL.

Change the science. Widen the mass range or the spin range in config/bank.yaml , rebuild { make bank refine
bank-test ), and watch the template count and the SVD compression change. Try --test-mode bns (1.4+1.4 M® at 100
Mpc) — why does the search do poorly with this bank?

Laok at the pipeline itself. Add --graph-name graph to the inspiral command to dump the sgn pipeline graph, or read

Pirsa: 26080018

Q Search or go to.. / + D ,‘.\ﬂ{* GraceDB (L0

Password] sesssssescs|

QB O & ¢

{3 Main Analysis Dashboard ¢ I

127.0.0.1:8080

Public Alerts ~ Latest Search Documentation Login

Please log in to view full dotabase contents.

Please enter a correct username and password. Note that both fields may be case-sensitive.

Username: test_user

No image at containers.ligo.org/chad-hanna/igwn—-summer-school:latest.

CI publishes images when a git tag is pushed to the

igwn-summer-school repo (see the root .gitlab-ci.yml).

Until then, build locally instead: make image

(If the project/registry is private you may also need:
docker login containers.ligo.org)

make: ssx [pulll] Error 1

(base) shio@shiosakon-2 searches % make shell
docker compose exec tutorial bash
root@tutorial:/tutorial# 1s
root@tutorial:/tutorial# []
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=
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s

® Injections b Results

n e Injection = simulated GW waveforms “injected” into
the data and treated as if they were real GW signals
to test the performance of the search pipeline.

o  In MDCs, search pipelines can test the
performance of the pipeline to GWs using

= injections.

e Injections cover a wide range of parameters.

o  The GW sources we detect don't cover the
entire parameter space that searches are
sensitive fo (see next slide). Injections can missed, Dec. SNR < 8.0 |

: _ cover a wide range of parameters. . - e missed, Dec. SNR 2 8.0

_ - e  Search pipelines analyze data with injections g e

. e separately from non-injection data. | 12625 1260 12635 12040 1265 126% 12655

T o  The results are used to quantify the sensitivity | time (sec) <107

of the search pipelines. To understand the

e ——— intrinsic population of GW sources, we need to

T R understand what the search pipelines can

detect and what they miss. More from Adi'rya! Credit: Ewing. PRD 109, 042008 (2024)

IEFEEEY ICE

i@

A

SNR

20

Dec.

23

< —
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Window

Help
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arxiv.org

all found to be significant by only one pipeline. None of

B O &

¢ (B o

the 9 retracted online candidates were recovered with a FAR

< 2d7! in the offline searches.

Table 1. Candidate GW signals from O4b with a FAR < 1yr—? in at least one pipeline and for which paeero > 0.5.

Candidate

Inst.

CWB-BBH

GstLAL

MBTA

PyCBC

FAR SNR Pastro
(yr™H

FAR SNR
Grh

FAR
o)

SNR

FAR SNR
(yr™")

Pastro

GW240406_062847
GW240413_022019
GW240414_054515
GW240420_175625
GW240426_031451
GW240428_225440
GW240501_033534
GW240505_133552
GW240507_041632
GW240511_031507
GW240512_024139
GW240513_183302
GW240514_121713
GW240515_005301
GW240519_012815
GW240520_213616

HL
HLYV|
HV
H
HL
HV
HLV|
HLYV|
HLV|
HLYV|
HLV|
HLYV|
HLYV|
HLV|
LV
HLV|

13.8 >0.99
16,9 > 0.99
12.8 0.55

< 1.0x 1075
<1.0x 107"
0.0026
350
0.0011
<1.0x107"
<1.0x 1073
0.13
5.7 x 104
<1.0x10°°
<1.0x10°3
<1.0x107°
< 1.0 x 10~°
< 1.0 %1075
0.30
<1.0x10°5

1.5 x 105
<1.0x 107"
0.0028
0.20
<1.0x107%
0.0029
4.8
0.85
<1.0x107°
<1.0x 1073
< 1.0 % 1078
< 1.0x 1078
3.1

<1.0x10°5

6.2 x 1075
4.5 % 1075
53x 1078
0.078
3.8 x 1075
2.6 x 1075
3.2x10°5
0.97
2.5 x 1074
4.9 x10°5
49x 1075
4.9 x 1075
4.9 x 1077
7.3 x 104
0.014
6.8 x 10°5
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Figure 1. The sensitive hypervolume (VT for searches of O4b data applying a significance threshold FAR < 1yr ™, evaluated at points in
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88 General [ Main Analysis Dashboard SGNL ¥ =%

sgnl v

= LOG10{min

~ Injection Recovery

None ~

SNR History

Likelihood History

15:34:00

FAR History

Decisive injected SNR vs. time (Bank cut)

Range History

Latency History

all

15:33:00 1 0C 15:35:00 15:36:00

tacacac_latency w vhitening_latency == L1_whitening_latency

IFAR

No data

Injection recovery efficiency (all above dec. SNR 8)

Helpful Links:
analysis name: sgnl

RRT Base Dashboard: here
GraceDB: latest GstLA

gwistat:

Status

margi likelihoods

Inj Status

trigger counter

pastro uploader

nt plotter undefined- 1

event plotter undefine

undefine

undefined-4

nt plotter undefine

Max time since last metric

RAM usage max across jobs

B 1.39

plastro) sankey diagram

No data
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» GraceDB | Latest
@ <
. fih, GraceDB (L0 L DE Public Alerts ~ Latest Search Notifications Pipelines Documentation Admin Docs
Authenticated as: test_user
Query:

Search for: Eyents

Tap on entry for detailed infol
Labels Pipeline FAR [Hz)

1470684839.982 (GPS time) 2.609e-49 2026-08-13 19:33:50 UTC
1470684809.982 (GPS time) 1.767e-49 2026-08-13 19:33:20 UTC
1470684779.982 (GPS time) 1641e-49 2026-08-13 19:32:50 UTC
1470684749.982 (GPS time) 2.093e-49 2026-08-13 19:32:20 UTC
1470684719982 (GPS time) 1.005e-49 2026-08-13 19:31:50 UTC
1470684689.982 (GPS time) 2.143e-49 2026-08-13 19:31:20 UTC
1470684659.982 (GPS time) 2.107e-49 2026-08-13 19:30:50 UTC
1470684629.982 (GPS time) 2.59B8e-49 2026-08-13 19:30:20 UTC
1470684599.982 (GPS time) 2.445e-49 2026-08-13 19:29:52 UTC
1470684569.982 (GPS time) 2581e-49 2026-08-13 19:29:20 UTC
1470684539.982 (GPS time) 2.599e-49 2026-08-13 19:28:52 UTC
1470684509 982 (GPS time) 2.600e-49 2026-08-13 19:28:23 UTC
1470672569.982 (GPS time) 2.573e-49 2026-08-13 16:09:20 UTC
1470672539.982 (GPS time) 631e-49 2026-08-13 16:08:50 UTC
1470672509982 (GPS time) 2.633e-49 2026-08-13 16:08:20 UTC
1470672479.982 (GPS time) 2.555e-49 2026-08-13 16:07:50 UTC

1470672449.982 (GPS time) 2 550e-49 2026-08-13 16:07:20 UTC

@ &) craceorLate... (@) . '~ outpost2 O F T 4= @ 67% Thui3,0337
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'J’Ih GraceDB (LOCA E Public Alerts ~ Latest Search MNotifications Pipelines Documentation Admin s Logout

Authenticated as: test_user

G0133 End Time (GPS) 1470685079.98 5
Basic Event

Mas 59.5837 Mg

155 259353 Mg

94.3908

6.321e-44

1118305

Single Inspiral Table

IFO
FAKE FAKE
ne (GPS) 1470685079.984 5 1470685079.982 s
Template Durctior 2055 205s
hase 0.65752441 rad -2.897104 rod
29791841 Mg 29.791841 Mg
155 2 29791841 Mg 29.791841 Mg
025 0.25
3 10240 Hz 1024.0 Hz
SNF 62.214874 70.98542
0.94808513 1.5597528
F 1 1
0.0 0.0
p 0.0 0.0

Neighbors

il
2

Naimkhar Windaue Chanae Ranae
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Parameter estimation tutorial:
quasinormal mode ringdown analysis

Harrison Siegel
IGWN Summer School, Aug 13, 2026
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