
National Aeronautics and
Space Administration 

General
Coordinates
Network
NASA’s Next Generation Time-Domain and Multimessenger Alert System
A service of the at ’s Astrophysics Science Division NASA Goddard Space Flight Center

https://gcn.nasa.gov

1

https://science.gsfc.nasa.gov/astrophysics/
https://www.nasa.gov/
https://www.nasa.gov/goddard
https://gcn.nasa.gov/


Gamma-ray
Coordinates
Network

2



Realtime Alerts Born of Necessity
The Compton Gamma-Ray
Observatory’s onboard
recorder failed in 1992
The need to downlink
events as they occurred
created an opportunity for
realtime follow-up
BAtse COordinates
DIstribution NEtwork
(BACODINE) was built to
receive and distribute those
alerts worldwide
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Early History of GCN

BACODINE provided new alert formats (phone, email, socket, and pager)
New instruments and transient types led to the Gamma-ray Coordinates Network
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GCN Enabled Seminal Breakthroughs in Astrophysics
The GCN community enabled worldwide follow-
up observations that revealed the nature of
gamma-ray bursts:

Afterglows and redshifts confirmed their
distant, extragalactic origin
Supernova-GRBs established massive stellar
deaths as the cause of long GRBs
Afterglow and host studies established
neutron star mergers as the cause of short
GRBs
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There are two kinds of GCN data products:
GCN NOTICES

By and for machines
Fixed, predefined format
Schema specific to each notice type

GCN CIRCULARS

By and for humans (some automated)
Freeform text (with established style)
Citable (but not peer-reviewed)
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The Changing Scientific Landscape
GCN is constantly evolving to serve new
transients, messengers, and observatories:

Gravitational wave events (GW150914,
GW170817)
High-energy neutrinos (IC170922A)
Tidal disruption events (Swift J1644+57)
Magnetar giant flares (200415A)
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The Changing Technological Landscape

Internet standards have led to new, better
ways to serialize astronomy data ( ,
JSON, , etc.)
Encryption is necessary on the modern
Internet (e.g. https)
Industry has developed general time-series
databases and streaming frameworks
The  will use
Apache Kafka to distribute 

Many other experiments are following suit:
, 

VOEvent
Avro

Vera C. Rubin Observatory
transient alerts as

its primary data product

Zwicky Transient Facility LIGO/Virgo/KAGRA
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https://wiki.ivoa.net/twiki/bin/view/IVOA/IvoaVOEvent
https://avro.apache.org/
https://www.lsst.org/
https://www.lsst.org/scientists/alert-brokers
https://arxiv.org/abs/1902.02227
https://emfollow.docs.ligo.org/


Introducing
the new GCN
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Coming soon

GCN Kafka

One format, one protocol.

For legacy applications

GCN Classic

Three formats, three protocols.

Recommended

GCN Classic over Kafka

Three formats, one protocol.

01101
11010010
10100111

VOEvent Transport Protocol

160-Byte Binary Protocol

Email

01101
11010010
10100111

Kafka

Kafka

The New GCN is
built on Kafka

GCN Classic provides three
formats over three custom
protocols
GCN Classic over Kafka
provides all three formats
over one standard protocol:
Apache Kafka
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Kafka is widely used at NASA
Existing Kafka applications at NASA include:

GCN (Goddard Space Flight Center)
Complex Event Processor - Deep Space Network (Jet Propulsion Laboratory)
Enterprise Business Information Services (Jet Propulsion Laboratory)
Federated Airspace Management Framework (Ames Research Center)

...plus many other applications in other Federal agencies
All Federal agencies are using self-managed Kafka brokers, either Apache Kafka or
Confluent Platform
GCN is sponsoring  authorization for  to make it easy for
NASA and other federal agencies to deploy Kafka software-as-a-service

FedRAMP Confluent Cloud
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https://www.fedramp.gov/
https://www.confluent.io/confluent-cloud


What is special about GCN's Kafka cluster?
It's special because it's so ordinary! It's a plain 3-broker Kafka cluster

No custom auth extensions to side-load into the server
No vendor lock-in: we use , but we could use open-source

 or fully managed solutions like  or 

We use standard  for single sign-on

We use , one of many off-the-shelf OIDC auth solutions
We use the same auth system across our web site and our Kafka broker
We have a straightforward path to adopting  (an HPC single sign-on
infrastructure based on OpenID Connect, adopted by LIGO)

Confluent Platform
Apache Kafka Confluent Cloud Amazon MSK

OpenID Connect (OIDC)

Amazon Cognito

SciTokens
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https://www.confluent.io/product/confluent-platform/
https://kafka.apache.org/
https://www.confluent.io/confluent-cloud/
https://aws.amazon.com/msk/
https://openid.net/connect/
https://aws.amazon.com/cognito/
https://scitokens.org/


New GCN web site
at 

Updated look and feel
More accessible, based on

Single sign on with:
email and password
Google
Facebook
LaunchPad (for NASA
employees and affiliates)

https://gcn.nasa.gov

US Web Design System
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https://gcn.nasa.gov/
https://designsystem.digital.gov/


Start streaming GCN Notices
at 

Start streaming GCN noticices in seconds!
Receive alerts from Fermi, Swift,
LIGO/Virgo/KAGRA*, IceCube, +many more
Use our "quick start" interface to:

Sign in / sign up
Create API credentials
Customize your alerts
Generate Kafka client code for your favorite
language
(Python, JS, C++, C#, ...)

* see also 

https://gcn.nasa.gov/quickstart

https://emfollow.docs.ligo.org/userguide/tutorial/receiving/gcn.html
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https://gcn.nasa.gov/quickstart
https://emfollow.docs.ligo.org/userguide/tutorial/receiving/gcn.html


New JSON alerts over Kafka
Several missions and experiments are starting
to send us alerts in JSON.

LIGO, Virgo and KAGRA are publishing JSON
records to GCN a Kafka topic called
igwn.gwalert.

Classic notice types (VOEvent, text, binary)
still supported
See 

 for details
LIGO/Virgo/KAGRA Public Alerts User

Guide
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https://emfollow.docs.ligo.org/


New and improved:

GCN Circulars
at 

Browse and search our new .
Manage your own email subscriptions.
Enroll yourself and your colleagues to
submit Circulars with arXiv-style peer
endorsements.
Submit Circulars with our 

, or continue to submit by email.

https://gcn.nasa.gov/circulars

archive

new Web
form
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https://gcn.nasa.gov/circulars
https://gcn.nasa.gov/circulars
https://gcn.nasa.gov/circulars/new


What’s next for GCN?

19



Coming soon to GCN Circulars
We're planning lots of enhancements soon to
make GCN Circulars even better:

Receive Circulars over Kafka
Real-time integration with 

Link multiple emails with your account
Link your  to your account
DOIs and BiBTeX entries for all Circulars
Browse Circulars by event
Embed tables, coordinates, images, and
styled text in Circulars with “Astro Flavored
Markdown”

SAO/NASA
Astrophysics Data Service (ADS)

ORCID
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https://ui.adsabs.harvard.edu/
https://orcid.org/


More enhancements are coming to GCN:
New alert types and alerts from new missions and facilities
Unified schema and alert format for GCN Kafka
Integrated, searchable database of Notices and Circulars (GCN Viewer)
Interoperability with other transient Kafka brokers (e.g. )SCiMMA
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https://scimma.org/


Create new Notice types
All new notice topics will only be
distributed by GCN Kafka
See 
Preferred notice format is JSON

 in development

step-by-step instructions

Unified JSON schema
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https://gcn.nasa.gov/docs/producers
https://github.com/nasa-gcn/gcn-schema


Unified schema and alert format for GCN Kafka
JSON schema with common core fields
Instrument/mission/observatory specific fields where needed

JSON example (in development):

https://github.com/nasa-gcn/gcn-schema

{
  "$id": "https://github.com/nasa-gcn/gcn-schema/blob/main/gcn/notices/fermi/gbm/Trigger.schema.json",
  "$schema": "https://json-schema.org/draft/2020-12/schema",
  "title": "Trigger",
  "description": "fermi gbm Trigger",
  "type": "object",
  "properties": {
    "alert_info": {
      "$ref": "https://github.com/nasa-gcn/gcn-schema/blob/main/gcn/notices/core/AlertInfo.schema.json"
    },
    "identifiers": {
      "$ref": "https://github.com/nasa-gcn/gcn-schema/blob/main/gcn/notices/core/Identifiers.schema.json
    },
    "event_info": {

"$ref": "https://github.com/nasa-gcn/gcn-schema/blob/main/gcn/notices/core/EventInfo.schema.json"
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https://github.com/nasa-gcn/gcn-schema


NASA's Time Domain and Multimessenger Vision
Adapted from 

NASA's  is studying the organizational,
programmatic, and technical aspects of a future Time-Domain and MultiMessenger
(TDAMM) General Observing Facility (GOF). GCN is to play a vital role. The GOF
would facilitate:

On a timescale of seconds to hours: alert systems (e.g. GCN); information flows
between science, mission, and operations; observing schedules and science
timelines
On a timescale of hours to months: coordinated targets of opportunity,
coordinated observation planning
On a timescale of years: Strategic coordination of planning, missions, interfaces,
and tools.

For more information, contact the study leads, .

V. Connaughton's slides

Physics of the Cosmos (PhysCOS) program

Brian Humensky and Chris Roberts 24

https://pcos.gsfc.nasa.gov/physpag/meetings/HEAD2023/presentations/TDAMM_HEAD_230326_VC.pdf
https://pcos.gsfc.nasa.gov/
mailto:thomas.b.humensky@nasa.gov,christopher.j.roberts@nasa.gov


Thanks for listening!
Web site: 
This presentation: 

 Questions or
comments? 

 Have you found a
bug in GCN? 

 Want to contribute
code to GCN? 

https://gcn.nasa.gov
https://nasa-gcn.github.io/gcn-presentation/

Contact
GCN directly

Open an
issue

Get
involved on GitHub
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https://gcn.nasa.gov/
https://nasa-gcn.github.io/gcn-presentation/
https://gcn.nasa.gov/contact
https://github.com/nasa-gcn/gcn.nasa.gov/issues
https://github.com/nasa-gcn

