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lceCube-170922A and TXS 0506+056

original GCN Notice Fri 22 Sep 17 20:55:13 UT
refined best-fit direction IC170922A

22/09/2017: Detection of another high-energy & rodbenttdreion Cr70gzzh
neutrino of about 300 TeV by IceCube: e
automatic and public alert distribution to

follow-up observatories at all wavelengths

28/09/2017 Fermi-LAT: Detection of an active
blazar within the neutrino uncertainty region
ATEL #10791
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http://www.astronomerstelegram.org/?read=10791

Behind the curtain

It took 6 days between the neutrino detection and the realization that there
Is a flaring blazar within the localisation uncertainty!
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High Energy Light Curve (800 MeV - 300 GeV) High_energy gamma rays (Ferm|_|_AT)
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Neutrino detection 5
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Behind the curtain

It took 6 days between the neutrino detection and the realization that there
Is a flaring blazar within the localisation uncertainty!

Cone search within the neutrino uncertainty => TXS 0506+056

Check state of the source(s) in Fermi-LAT: FAVA (LCR)

Get optimal observation window for various observatories

=> Many tools are available but need for automatisation + interfaces
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High Energy Light Curve (800 MeV - 300 GeV) High_energy gamma rays (Ferm|_|_AT)
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o Neutrino detection \i
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\~ rst test

After 4 merges and =200 commits:

H.E.S.S. GRB180720B

Backend:
python

RA: 0.53° .91
Dec: -2.92°
GRB
GRB 180720B ;.
0.06 sep
pos_err = 0.05
z = 0.65
TeVCat

Fabian Schissler + Anke Yusafzai

H.E.S.S. collaboration meeting (11.2019)




After further 10 merges and =230 commits:

Backend:

python

Visibility of source: RA: 100° Dec: 22.13°
at observatory: RA: -23.271778° Dec: 16.50022°
during 2020-08-29

Visibility of an astronomical object during
darkness

Selected object at R.A. 6:40:00, Dec. 22:07:48 (J2000)

18h Oh
RA: 6:41:15 Dec: 22:06:36
Gal.long.: 191:52 Gal.lat.:
Altitude: IO 30 45
Geo.long. : 16:30.0 1lat.: -22:43.7

Azimuth [deg]

Frontend:
- Javascript
- HTML
- CSS

Source name not known. Please remove text or choose
known source!

Internet connection: established

Visibility plots: finished next night / finished this month
Latest grbs: finished search

Latest neutrinos: finished search

fETmevioow

08/28/2020, 12:11:49 PM

[aVocient:)

End of August 2020



Release of v1.0.0 in August 2021: P. Reichherzer et al. 2021 ApJS 256 5

\\,
‘-,v : Latest transients e 9 (D J still logged in as patrick.reich
\ .

Backend:
Flask (Python)

Filters From 2021-03-22 to 2021-06-22 ® swift fermi hawe icecube amon @ integral ® other Typeofevents: O FRBs [l TDE @ GRBs [0 Burst @ Neutrino ® other
-
(D
GRB 210411A O\ g 2
RA/Dec: 259.39° / -27.41° I —t
selected error: 3.05_ _ cone wn ©
g 2021-04-11 05:30:56 search GRB210411A 8-
C 17h17m33.6s / -27d24m36s
Fermi
2=2.826 (VLT/X-shooter, GCN 29806)
O
- ® . Links: Frontend:
o
./ C Flutter (Dart)
. .[:| O “':S 7°, height=1835m)
D & o - - 274"
(2 ) I
¢ |
o
=
O
©
o &sm O
@]
® a
]
O o
[}
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=2000 commits




y Current user interfaces

*Astro-COLIBRI Select action  Latest transients Cone search < Personalize e ’ e @ Status logged out Infos: /' v2.8.0

Observatories ® Swift © Fermi  ® HAWC lceCube ® AMON @ Integral ~ GECAM @ FlaaplUC @ LVC @ Catalogs @ Other
Eventtype @ FRB % UnclassifiedOT # ClessifiedOT % SN @ GRB Oburst  © neutrino o::un AGW DA4FGL (1 TeVCAT @ SGR/AXP O lceCat GETITON g Download on the

T e e R B B e PR T P e Google Play @& App Store

Custom cone search Q Detailed info about selected source: Q) science mode

,«.o,", $2311
A 5 /" Gravitational wave RASDec 243630 442° VoEvent: XML  VoEvent:.JSON History: £0 #1

source S231123eq (o] name $2311230 1)

_ radivs: « « 1° » Detection Ume: 2023-11-23 13:54:30 [

RA deq) 1243631 Dec [degl 14420 )

7 16h14m30.498 1) Dec 44d12mS51s T

observatory: LVC I Instrument: HIL1 [p  discovery name: S231123¢g O ———

classification: BBH: 1.00 1 / N ) N

itat waves are di of space-time! They are by all masses but their amplit \ \
tiny that only the most massive objects in the universe create waves that are sufficiently powerful to be detec \
current generation of instruments. This event has been recorded by both Ady d LIGO laser inter |

@%) $231123¢g
ol Gravitational wave

RA/Dec: 243 63°/44.20°
2023-11-23 13:54:30

w ‘:?B ;3v1‘wlzerar °
likely due to the merger of two black holes. f |
RA/Dec: 83.78'/-19.57° (£9.16") Learn more about GWs: Lok
piAle et Discuss this event on Twitter: @AsiroColibr |
‘I . A Astro-COLIBRI = A Visibilityat HES.S. =
K lat=-23.27°, long=16.5", h=1835.0m) -
RA/Dec: 106.16°/-21.30° (+1.59") ( | Weather:
2023-11-22 15:12:41 A
S £ - # +
" eyt ® SRy Forecast Seeing Sky view
" Conc_... Filters )
N Link or e it ra=77.43", urce info Daily visibility
e e ~§ GraceDB tT, TreasureMa
Information cn the Follow-ups of GW
% RXJIS1058.84323335 grvitonalwve | | events 2d: GRB 220107A e pronyg
lq&' / flare Visibilty ot HES.S. *
(NG Souce location: (RA = 112.7°, DEC = 9.6°) 0220110
1.gsfc.gen/Fermi#GBM_Fin_Pos2 .
5:31.93_663259536_0-516 = -
168.17" / 34.98° N -
@ MS230110g Q 11h12m40.8s / 34d58m48.0s I~
° ° RA/Dec: 122.34° / 23.89° cone N 3ol -
selected 5 :05: ory:
https://astro-colibri.com e | v .
° ° soefdenicd
it: long GRB / w0
20—t
®
w11
SN 2022bf o} © .
* RA/Dec: 20,86 / 49.97° . i N NN
show 2022-01-03 21:07:12 ot Groyloves ol sed rospactindy
searCh Zenkh « 45* 2252 UTC . 01 13U
other websites and services: Zen <o 232U - Q231U
GRB 220103A Q
@ RA/Dec: 36.86° / -15.70" & M hiv visibili
® 4FGL J0538.6+0443 show error: 8.4* cone N ESA onthly visibility
RA/Dec: 84.66" / 4.73" 2022-01-03 21:03:12 search
show separation: 7.27*
HAWC-220103A
@) RA/Dec: 156.33° / 1.83° Q & &
@ 4FGL J0515.50125 \ error- 0.599° cone ASAS-SN ssoc
RA/Dec: 78.89" /-1.42° e 2022-01-03 08:01:56 search
selected separation: 7.29*

4FGL J0535.3+0934

RA/Dec: 83.84"/9.58" || e
show separation: 7.43* \ @ o =

4FGL J0527.1+1152
RA/Dec: 81.78" / 11.87*

® ® @




- creator

follow- - streams

up- - broker
observ.




alert
- creator

follow- - streams

up- - broker
observ.




alert
- creator

follow- - streams

up- - broker
observ.

” Citizen
e Science




/Third-party APIs

- SIMBAD / HEASARC / GraceDB / etc.
- ADS

- Swift API

- ASAS-SN, ATLAS, ZTF/Fink

- OpenAl

- Discourse

- Tilepy

\

<
“ events & sources

mongoDB

Database

Listener
GCN & TNS

FCM
backend

COLIBRI R\

dWS ==

Message transport

on platform-level

=8
ht

iOS / APNs

Android
transport layer

Web Push

(60\\)@5’Q

Google Cloud
Storage

/

Storage

_—

Clients
Website/Apps

N

—= [

v
v
A

transients & user info

Stream builder

<

’

Firebase

Real-time DB
Transients &

User

preferences



Demo




Android + iOS

s

show

®

selected

show

ra=77.43°,

separation: 7.27°

4FGL J0515.5-:0125
RA/Dec: 78.89" / -1.42°
separation: 7.29*

4FGL J0535.3+0934
RA/Dec: 83.84° s
separation: 7.43

4FGL J0527.1+1152
RA/Dec: 81.78* / 11.87°

® e

A&  Astro-COLIBRI o

® MS230110g
RA/Dec: 122.34° / 23.89° cone
selected 2023-01-10 06:05:42 Raidrs
" SN 2022bf (o}
RA/Dec: 20.86° / 49.97° e
show 2022-01-03 21:07:12 _—
GRB 220103A Q
o RA/Dec: 36.86° / -15.70°
error: 8.4° cone
ghow 2022-01-03 21:03:12 search
HAWC-220103A Q
0 RA/Dec: 156.33° / 1.83°
error: 0.599° cone
show 2022-01-03 08:01:56 search

@ @ ®

|

e

Lource info

2d: GRB 220107A

168.17° / 34.98°
11h12m40.8s / 34d58m48.0s

ory: Fermi
nce: 68.3 0

it: long GRB

®
visibility

other websites and services:

&
N ESA
& &
ASASSN SSDC
& &
GCN-n GCN-c GBM

a Visibility at HES.S.

lat=-23.27°, long=16.5°, h=1835.0m)

Weather:
.l B +
Forecast Seeing Sky view
Daily visibility
NP3 /1830 (oM COMVaDD
Visibiity at HES.S.
020100 Source location: (RA = 112.7* , DEC = 9.6*) 202201-30

Zenkh < 4% 2252 UTC . 0113 UTC
Zenh < 00 2252 UTC - 0231 UTC

Monthly visibility

G en weh n on oz on B @ & m o omh

hours from UTC midnight
Note Grey leveh comespond 15 Crvil. naval. and astronomical twilght. respectively

Notifications

Gravitational waves, click here: A

[] All GW alerts

@ Significant GW alerts
B NS/NSBH GW alerts
B Well localized GW alerts

Optical transients, click here: v

B CGRBalerts

Neutrino alerts

FlaapLUC (Fermi-LAT alerts)

Burst alerts

Special targets (e.g. TCrB)

Astro-COLIBRI announcements

® 104 =

Real-time notifications




* Web interface

[ ) < s m [
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Configurations

e User accounts

Q@ Choice of follow-up observatories

& Skymap configuration

® Linkto APl documentation, etc.
“Science mode”: full event
parameters, additional links to

external platforms, visibility
assessments, etc. z

https://astro-colibri.com



* Latest transients

tAstro—COLIBRI Select action  Latest transients Cone search < ¥ !] Personalize e 9 @ @ Status: logged out Infos:  v2.9.1

Observatories @ Swift ~ Fermi ® HAWC IceCube @ AMON @ Integral =~ GECAM @ FlaaplLUC @ LVC ® Catalogs @ Other
Eventtype @ FRB % Unclassified OT # Classified OT * SN @ GRB QOburst ©neutrino ®nuem AGW [O4FGL [ TeVCAT [ SGR/AXP O IceCat

202312-01 #° Y ; * ﬂ:* o ) r;‘*‘ D ) *ﬁ , 2023-12-31
0 e PR, PO g = * # » k = 12-15 1217 |1219 1221 *223* 41225 12-27 t2-29&412-31 ,

g e A Y ailed info ted source: : -
‘ 6‘ CVE Pyva . !
a ../ | . - | |
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#Observatories

20231201 #°  x

L

6} SN 2023zzi

: Supernova

.o $231213ap
Gravitational wave

> AT 2023aabz

Classified optical transient

ZTF23abtniaf

@

® Swift ~ Fermi

Unclassified optical transient

© HAWC

y & I

1201

|1203 |‘|2{)5 |'|207 12-09

Latest transients

IceCube @ AMON @ Integral

* ok ﬂk*ﬁto

8 S231213ap
Gravitational wave

Cone search

PAY

$231213ap
170.95°
< 0.00° >

*
o
x X/ K
% X

29.83°

<

~ GECAM ® FlaapLUC @ LVC @ Catalogs

0 0 & O

® Other
i Eventtype @ FRB % Unclassified OT +# ClassifiedOT * SN @ GRB (Qburst ©neutrino ®nuem A GW [O4FGL [ TeVCAT & SGR/AXP QO IceCat

|'|2'|1 |'|213 |1215 |‘12'|7

0.02/yr

1219 ‘1221 |1223 *

$231213ap

2023-12-13 11:14:17

170.95 A RE
11h23m47.34s 29d49m40.29s
0.02
LvC H1,L1
Update pycbc
BBH: 1.00

» significant event
3861 £ 1257 Mpc
356 deg? 1451 deg?
i lit
{1
L

https://astro-colibri.com

12- 25

S§231213ap

* Timeline + Filters

12 27 kz—m ﬁ'l 12-31

Nasia

20231231 S

science mode

3\



Detailed filters

Latest transients < ¥ [} e 90 & O logged out
4
Observatories @ Swift Fermi HAWC IceCube AMON Integral GECAM FlaapLUC @ LVC Catalogs @ Other
Eventtype @ FRB  # Unclassified OT +# ClassifiedOT * SN @ GRB O burst © neutrino ® nuem #AS§ 0 C e L ooniavn Ol nes
¥ Everything else
O 20231201 ) AR KR M Kok MOKoR® ok KD & ko ok AGKK ok okk
¥ observatory == - Gaia
5 S$231213ap observatory == -~ ZTF
™ - Gravitational wave $231213ap 4 v
170.95°  29.831 gR
Cone search < 0.00° > OR . observatory == -~ ATLAS
3T ¥ observatory == - Pan-STARRS
$231213ap
ﬂ SN 20232z . A g * 7%\(. ¥ observatory == - MASTER
A Supernova % ¥ e A
A a * 3861 + 1257 ;»Apc
356 deg? 1451 deg?
gﬁ * *\' ' O - eg eg
* \ * ° *
R K R\
. $231213ap KA x
> Gravitational wave o ol e \ \
A \ N isibil ‘;‘J I i
% Kok | K x| | K S |
N . I
x VS %
g AT 2023aabz Koo x A g
Classified optical transient A 2 ¥ N g
X Sz
* * ’If’ /":E:‘ Nax A

\ ZTF23abtniaf %
/' Unclassified optical transient

https://astro-colibri.com

v/ v2.9.1

20231231 4

science mode

AN



Detailed filters

v
Latest transients < 2 !] e 9 @ @ logged out

b

Observatories @ Swift Fermi HAWC IceCube AMON Integral GECAM FlaapLUC @ LVC ® Catalogs @ Other

Eventtype @ FRB  # Unclassified OT +# ClassifiedOT * SN @ GRB QO burst © neutrino ® nuem A GW [ 4FGL TeVCAT [ SGR/AXP QO IceCat
O 20231201 ¥ Everything else k Aok Yok @ Rok @ K AOKD YT X < I 2 *x  AGKK * re ¥
OR
¥ Unistellar
V . Magnitude <= 140 $231213ap
170.95°  29.83°
) S$231213ap
o 2023-12-13 11:14:17
¥ classification == -~ nova 170.95 29 83
11h23m47.34s 29d49m40.29s
e W 0.02
¥ classification == &Y Ve H1,L1 S$231213ap
L E—— o O Update pycbc
SN X
“ Su W classification == = TDE 4 YA S
- * A ﬁ 0-02/3)’8’61 . 12»5§ii:iﬂcant event
K7 olascification == -~ \aratar 2
3K * * ° 356 deg? 1451 deg?
K * *
W PY *
A G A
. $231213ap x
» Gravitational wave o * e \ \
A \ isibil t (1 \v;“ heigk
o )
A\ * r DEC ;
% Xy K x < I
. . w
* AY * %
- AT 2023aabz Koo x A g
Classified optical transient A 3
*\ = £
X Sz
*
ﬁﬁ{ ilr, /z:“ Naks N

\ ZTF23abtniaf %
/' Unclassified optical transient

https://astro-colibri.com

v/ v2.9.1

20231231 4

science mode
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Detailed filters

? Latest transients < i !] iz e 9 @ @ logged out
\
Observatories @ Swift Fermi HAWC IceCube AMON Integral GECAM FlaapLUC @ LVC ® Catalogs @ Other

Eventtype @® FRB  # Unclassified OT +# ClassifiedOT * SN @ GRB O burst © neutrino ® nuem A GW (O 4FGL TeVCAT SGR/AXP QO IceCat

Unclassified OT . .
O 2023 mmw%mmwmmmwmm&
¥ Everything else
OR
AND ¥ Unistellar o® $231213ap
* , Gravitational wave 5231213ap
: 170.95° 29.83°
¥~ Magnitude > - 0 ) $231213ap
. Cone search < 0.00° > 2023-12-13 11:14:17
170.95 29.83
11h23m47.34s 29d49m40.29s
0.02
LvC H1,L1 $231213ap
Updat bc
* AT 2023acib N R
4 Unclassified optical transient C
0.02/yr — significant event
3861 + 1257 Mpc
356 deg? 1451 deg?
!
* AT 2023achz #*
q Unclassified optical transient
visibility at (long = 11.66*, lat oom) P e
52312 ‘\\—
(RA = 170.95° , DEC = 29.83* |
. vl
* AT 2023acil # g
1 Unclassified optical transient B 2
».\IIL /I: NaZa Nasa

* AT 2023acij %
u Unclassified optical transient

https://astro-colibri.com

v/ v2.9.1

20231231 »°

science mode

®
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Observatory selection

SN

Personalize @ @ ,

|
L

Latest transients -’\.

Observatories Swift Ferm HAWC IceCube AMON Integral GECAM FlaapLUC

Eventtype @ FRB Unclassified OT ¥ Classified OT * SN ® GRB QO burst © neutrino & nuem

The observability is calculated for an observer at VLT Paranal: long =-70.40°, lat = -24.63°, height = 2635m. 20231231 o

You can change the observer location by choosing one of the following observatories

Radio
ALMA ASKAP ATCA MeerKAT MWA Nangcay Murriyang/Parkes
Optical o
Jilin Keck MountWilson OHP Palomar SALT San Pedro Martir [VLT Paranal] Victor M. Blanco Xinglong Yunnan »
High energy \

HAWC H.ES.S. LHAASO LST MAGIC VERITAS

My observatories :

g AT 2023aabz "
Classified optical transient ™ . 48.0653 (0] 0.1 60 . Garching Observatory

latitude altitude [m] FoV [deg] Zenith limit [deg]  max. moon fracti... name custom position

\ ZTF23abtniaf %
/  Unclassified optical transient

https://astro-colibri.com



Observability

“ Astro-COLIBRI Select action Latest transients < 4 &tatus: logged out
Observatories @ Swift Fermi © HAWC IceCube AMON @ Integral GECAM © FlaapLUC ® LVC @ Catalogs @ Other
Eventtype & FRB  # Unclassified OT +# ClassifiedOT #®# SN @ GRB O burst © neutrino & nuem A GW [ 4FGL TeVCAT SGR/AXP O Ice@at
O 202311 ok TR RO % Ok O
bout selected\gource:
.. VoEvent : JSON istory: #
g0
023-11-23 13:54:30 [
01 Dec[deg]: 44.20 I
il 9s ] Dec: 44d12m5.51s [
2023-
0117

[0 instrument: H1,L1 [§ discovery fimeNS$231123cg I
ry [ pipeline: pyebe G

v H:1.00 )
L] - significant event

338 Mpc
20 90% area: 2678 deg? I

RA/Dec: 83. .
2023- i
- 4 https: /jastre-coliBNgcom
V Vi q.SAS. *
(5 (RA = 243 C =44.2°)
; g 20231123 _ 2023-11-24
350
& 4
300
RA/Dec: 106 L)
250
2023- 20231123 » % =
g 50 mg
% / £
¥ «f
N by -l e A
0 N .'l — == .
details
RA/Dec: 10
2023- e
(T TreasureMap __ 8 & acNen
on on the Access to GCN GCN notices: rapid
nal wave notices and circulars alert message

-90°

https://astro-colibri.com

Infos: + v2.8.0

20231123 4

() science mode

(O auto scroll

@cvremiiar %
Analysis of GW events = Dis|
inte



Y’ Multi-observatory observability

3

F—, MAOUNYV VA LI ITCTTSTOT S TOT IO T LALCSL udiisicliws wUiiC Seditii S v ey PR CTRCIV IR ToTT PR v v v 7 \ ClUlUG. IUYYLU G Do 1AMoLl ive. VW Vel c.e

Observatories = ® Swift ® SVOM  ® HESS Fermi ¥
Eventtype ® FRB # Unclassified OT # Classified OT
O 20240427 4 x Yo ke 4&#«: * A 00 %& 2024-05-12 4
04-27 04-28 0 b5-10 | 0511 05-12
# : AT 2024ipz %
Unclassified optical transient
RA/Dec: 316.17°/-48.19°
2024-05-12 00:45:01
. GRB 240511A Ps
. Gamma-ray burst
RA/Dec: 336.68°/8.51° (+ 0.001°) 7’3( S
2024-05-11 18:14:30 * . S
2024qgqi
59; DEC = -32.84) y'
* ) 2024.05.13 % \ LHAASO
N . S — -
® o LST v
B0
X * A 0 MAGIC
RA/Dec: 336.76°/3.75° (+ 3.580°) ,Dg
2024-05-11 18:06:20 ® MWA
20
* — 10
V AL EX LT Combute
auto scroll
RA/Dec: 334.39°/-45.14° (+ 1.140°)
2024-05-11 15:13:15 - : S () wee ASAS-SN 5
* N % Displays event in an Displays event in an Transient Name Broker providing real- Photometric Liv
DAY interactive sky atlas interactive sky atlas Server time transient lightcurves from poi
caf

hl ﬁ? O classification ASAS-SN




Latest transients
|}
Observatories @ Swift SVOM HESS Fermi HAWC IceCube

Eventtype ® FRB  Unclassified OT + ClassifiedOT * SN @ GRB QO burst © neutrino ® nuem A GW 0O 4FGL

O 20240427 p o REM A Mk

* AT 2024iqr % B $240512r
Unclassified optical transient ® Gravitational wave
Cone search
] S240512r
- Gravitational wave *
/%
K RV
w
w ol
Q
*
*
% A X Kk
% * o
* AT 2024ipz " v Ajf%ﬁ Rk
Unclassified optical transient %
R
g PRI
) DA ¢

GRB 240511A ® w
A Gamma-ray burst ¥

xRk | A S g

< £ m

AMON Integral GECAM FlaapLUC @ LVC

X % Kok

¥ Significant events
OR
|| sub-Threshold events

¥ Mapareas (90%) > - 0.0

2024-05-12 02:41:39
99 13.862

* 140.939
A 024

* AND .| BBH > - 0.0 ; H1,L1,V1

* # pycbc
SBH: 0.02 / BBH: 0.98
* D BNS > — 0.0 » significant event
% o 1082 + 266 Mpc
34 deg? 208 deg?
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Astro-COLIBRI
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o Astro-COLIBRI: novel plattform providing easy access to

* transient detections (optical transients, GRBs, FRBs, TDEs,
high-energy neutrinos, GWs, etc.)

* interfaces: https://astro-colibri.com + Android + iOS

* APl + documentation: https://astro-colibri.science

® Forum: https://forum.astro-colibri.science

e availability > 99% (fully cloud based architecture)

e P Reichherzer et al., ApJS 256, 2021 (link) + Galaxies 11, 2022 (link)
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Astro-COLIBRI

Contact: astro.colibri@gmail.com

e Central webpage: https://astro-colibri.science

Android Play Store Apple iOS App Store
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