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Multi-messenger observation Database & Viewer
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Aims of Database and Viewer

* The multi-messenger observation Database collects and archives data
from various observatories and telescopes.

* Viewer visualizes the observational data, providing helpful information
for devising strategies for future observations and analyses.

* The Viewer may inspire us to potential targets for multi-messenger
astronomy by overlaying observational data.



Development of Database and Viewer

* The development of the main system was outsourced to
AstroArts.

e https://www.astroarts.co.jp/official/corporate/index-j.shtml

* We manage the servers and develop the data collection system

for the Database at Aoya List of relations
o [) t t) gravitational_wave postgres
dlapbase 1 gravitational_wave_id_seq | seqguence | postgres
« Ubunts 22.04 LTS ic | obj table | postgres
obj]_1d_seq sequence | postgres
* PostgreSQL ' observation table postgres

observation_id_seq sequence | postgres

* Viewer (+ Object Search)
« Ubunts 22.04 LTS AEDiN

* HTTP server: nginx
* Aladin Lite (https://aladin.cds.unistra.fr)
* © Centre de Données astronomiques de Strasbourg.
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Viewer: Catalog
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Viewer: FoV Filter

Viewer Search

FoV Filter

YMD  MJD
Start

2023/12/01 00:00:00

@ = ©

L

Stop
2024/11/13 00:00:00

Ll

nstrument/type
Check all
swift XRT/fov
v swift BAT/object
swift XRT/object
MAXI GSC/object
Fermi GBM/object ®
v IceCube/object ®

EinsteinProbe WXT/object @} |

optical agu-target/fov @

arget

oordinate

RA ] Dec

Radius (degree "7
Submit

Reset FoV

Gravitational Wave Filter

¥ Show gravitational wave
Date

2024/11/12 [

 submit

ICRS § {@lu 49 59.77 +36 27 57.7]
Objects/FoV can be turned on/off by checkboxes.

Filters by time, target name, and position are available.

@ ' -

Swift/BAT, Fermi/GBM, IceCube, and Einstein Probe

events are automatically added from GCN/Notices.
360.0°’<180.0°

. 5 SR S\\ift/BAT
. lceCube

@ Status

gamma
LST OK
X

Swift (0] ¢
Optical/NIR

Subaru NG

Tomo-e .




i = = [

B = O

Stop
l 2024/11/13 00:00:00

@

Ll

Instrument/type
Check all
swift XRT/fov
v swift BAT/object
swift XRT/object
MAXI GSC/object
Fermi GBM/object ®
¥ IceCube/object ®
EinsteinProbe WXT/object ® |
optical agu-target/fov @

Target [ ]
Coordinate

l RA ] Dec ’
 Radius |
 Submit

Reset FoV

Gravitational Wave Filter

¥ Show gravitational wave
Date

2024/04/22 |5 St

Submit 360.0°X180.0°
S$240422¢d: 2024-04-22721:3513 - The LIGO/VlrgO/KAGRA 90% lOcallza’Uon reg|on can be Overlald.

Gravitational wave events (FAR < 6.34e-7) are automatically

Catalog
Suzaku WAM

A ' A A
@ @ @ @
—
o
o
o
° o
® o
-
o o
o F g °
°
o
Py
° ® o
o
o
o o
o
o

$ 7

¥

S

o
o
o
° o
S~ o o

XMM EPIC added from GCN/Notices.

MAXI PROG

Swift

Optical/NIR

Subaru

Tomo-e

(014

NG



Object Search
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Object Search

Viewer Search

Object Search| Search with Object name or Pointing keyword (e.g., “GRB

Target / Painting keyword bjﬁ:y’ N o Hs;(umg\t tstart tstop ra dec err_shape err_poly pointing_kw flux flux_

lGRBE30826A £OUVO0OLUA ). ((83.04827,66.11473),
Date time filter Results can be filtered by time and coordinate. (83.05615,66.11524),
(83.06325,66.11670),
Coordinate (83.06889,66.11898),
|Fm_ ] Dec l (83.07251,66.12186),
S — (83.07376,66.12504),
I Radius ] (83.07251,66.12823),
P— (83.06890,66.13111),
(83.06326,66.13339),
(83.05615,66.13485), GRB 230826A
(83.04827,66.13536), swift BAT
(83.04040,66.13485),
(83.03329,66.13339),
(83.02765,66.13111),
(83.02404,66.12823),
(83.02279,66.12504),
(83.02404,66.12186),
(83.02766,66.11898),
(83.03330,66.11670),
(83.04040,66.11524))
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VZLUSAT-2 2023-08-26T19:31:53 2023-08-26T19:36:08
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Object Search: GRB 230826A

Light curve (Count)
Implemented:

Viewer Search

GRB 230826A

viewer object

instrument tstart tstop ra dec pointing_kw flux flux_unit flux_com upper_limit Ic_

GRB 230826A
GRB 230826A swift BAT 2023-08-26T19:29:27.078920 2023-08-26T19:39:27.078920 83.048 66.125

GRB 230826A GRBAIlpha

GRB 230826A VZLUSAT-2 2023-08-26T19:31:53

Light curve

¥ Check all
BAT 15-25keV
ft BAT 25-50keV
wift BAT 50-100keV
BAT 100-350keV
ft BAT 15-350keV
GRBAIlpha 80-120keV
GRBAIpha 120-400keV
GRBAIlpha 400-670keV
GRBAIpha 670-950keV
GRBAIpha 80-950keV
VZLUSAT-2 40-110keV
VZLUSAT-2 110:
VZLUSAT-2 370-6
VZLUSAT-2 630-8

VZLUSAT-2 40-890keV

Update chart

swift BAT
GRB 230826A
GRBAlpha

GRB 230826A
VZLUSAT-2

2023-08-26T19:31:07.097476 2023-08-26T19:34:28.097480

2023-08-26T19:36:08

GRB 230826A

light curves

== swift BAT 100-350keV
—=— swift BAT 15-350keV
~== GRBAIpha 80-120keV
GRBAIpha 120-400keV
—=— GRBAIpha 400-670keV
GRBAIpha 670-950keV
—=— GRBAIpha 80-950keV
== VZLUSAT-2 40-110keV
—— VZLUSAT-2 110-370keV
== VZLUSAT-2 370-630keV
= VZLUSAT-2 630-890keV
—e— VZLUSAT-2 40-890keV

« GRBALpha
* VZLUSAT-2
In Progress:
* Swift/BAT
« MAXI/GSC
* Fermi/GBM
« CALET/GBM

Light curve (Flux)
Pending:
e Swift/XRT

« MAXI/GSC
* Optical
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Use example GRB1 80829A
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Ongoing and future tasks

Enrichment of existing contents

 Catalogs Ongoing Catalog The “Catalog” section
e Status Pending Suzaku WAM can have non-public

. Under Review XMM EPIC
* Light curves MAXT PROG catalogs.

* Reported events (FoV Filter) SWIFT BAT
Chandra CSC2 What catalog should be

Outsourcing to AstroArts SWIFT XRT listed here?

* Improvement of Ul
* More convenient search
* Linkfrom the trigger ID to the object/event name

* Major revision (if needed, the next fiscal year)

Status

The ”Status” section was
prepared to share
observation status of each
mission.

Sub-threshold events LST

Promoting more collaborative observations
* MAXI sub-threshold
* Swift-BAT sub-threshold subaru IR What information

APl to access data in the Database Tomo-& . can/should be shared here?
Anticipating future automatic analysis
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Summary

The multi-messenger observation Database and Viewer are under
development.

The beta version is available on the web.
http://mma.phys.aoyama.ac.|p

We are working on the enrichment of existing content.

* Light curves
* Reported events (FOV Filter)

We need inputs to proceed with the development below:
 Catalog
e Status
 Majorrevision (if needed, the next fiscal year)

The user’s manual is available in backup slides.
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Implementation ltems

FOV Filter

MAXI GSC/object

Swift XRT/fov

Swift BAT/object

Fermi GBM/object
IceCube/object
EinsteinProbe WXT/object
MAXI/GSC sub-threshold
Swift/BAT sub-threshold
GCN Circular events
Transient Name Server
Swift XRT/object

optical agu-target/fov
others

Status
e LST
e Swift
e Subaru
e Tomo-e
 others

Gravitational Wave Filter
e LVKGCN Notice

Light curve (count rate)
« GRBAlpha
 VZLUSAT-2
e Swift/BAT
* Fermi/GBM
e MAXI/GSC
e CALET/GBM
* others

Catalog
e Suzaku WAM
« XMMEPIC
e MAXIPROG
e Swift BAT
e ChandraCSC2
e Swift XRT

Light curve (flux)
« MAXI/GSC
e  Swift/XRT
* others

Implemented
Implementing
Pending
Under Review
Temporal

16



Multi-messenger Observation

Database & Viewer User’s manual
ver. 241117

Yuta Kawakubo (Aoyama Gakuin University)
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Top page (Viewer): http://mma.phys.aoyama.ac.|p
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Viewer: Survey

 Viewer
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Display survey image
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Viewer: Catalog
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| Reset Fov
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Display catalogs
Stack D Catalog browser D

+ Catalogue p ki database Search:‘O\’I year Swift-XRT point source ‘

. .- Search & select catalo
+ | <> MoC » |Gaia DR3 Progressive catalog: & ‘;i‘zl.:'.i‘

“Cone search” can
Cone search| set the filter with

[ PanSTARRS DR1 * 2MASS

[X From a VOTable File‘ s 5000

QEIGWEE... dec: +0 0 0

.

Rad: 60.00°

Max number of] sources

Unavailable catalogs can be Limit: EOOO
added to the “Catalog” section.

Catalog

Suzaku WAM
XMM EPIC

MAXI PROG The current catalogs listed are ‘{f} Query Set the filter & Push “Query”.

SWIFT BAT temporal for testing.
Chandra CSC2

SWIFT XRT




Viewer: FoV Filter

FoV Filter
YMD  MJD Objects/FoV can be filtered by time. “Y/M/D” and “MJD” can be
o switched by the button.

2028/12/01 00:00:00 [

L=
™

St Start and Stop times increase/decrease independently.
O o .
2028/04710 00:00:00 | Start and Stop times increase/decrease synchronized.

Instrument/type
el Checkboxes can turn each item on/off.
¥ swift XRT/fov
swift XRT/object
MAXI GSC/object
Fermi GBM/object
IceCube/object
¥ optical agu-target/fov @

Target

Events/objects can be filtered by the name.

Coordinate

arcsec), Objects/FoV can be filtered by the circle.

Reset FoVf

Upward (downward) arrow copy Stop (Start) time to Start (Stop) time.

If you input central position (equatorial coordinates) and radius (degrees, arcmin,
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Viewer: FoV Filter

Viewer Search

FoV Filter

T )
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Submit
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Objects/FoV can be turned on/off by checkboxes.
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Target [ ]
Coordinate
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 Submit

Reset FoV
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Use example GRB1 80829A
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wes ssclovseces [OI) oo o R the MAXI S error bex for i
[2018/08/30 00:00:00 Maxz Gsclobject (@[] iy LRt AT \ Gl >
o [+ ]survers > a X ' GRB 18‘0829A7
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swift BAT/object i A e LA :
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IceCube/object ® i ST ——,
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optical agu-target/fov ® ¥ SRt g 72000: 61.729, -1.976

= Ml FOV Filter
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. ;
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Object Search

Viewer Search

Object Search

Target / Pointing keyword

Click “Search” to switch to object search.

Search with Target (Object) / Pointing keyword.

| The exact match is only available (a partial match will be
Date time filter available in the future).

Coordinate

The filters by time and coordinate are also available in the same way as
the Viewer.
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Object Search (GRB 231129C

Viewer Search

Object Search

Target / Pointing keyword object instrument tstart err_shape err_poly} pointing_kw| flux flux_unit flux_com upper_limit Ic_file
‘ GRB[231129C 2zl
: -81.744),
(Al EEE,
Coordinate -81.663),
l - MAXI GSC 2023-11-29T19:08:05 2023-11-29T19:13:05 | RISREhI -81.636 (12.374,

-81.394),
l Radius (13.350,
— -81.472))

Date time filter
GRB231129C

MAXI 1355 mCrab 0.0034 false
GSC

Submit
GRB231129C

2023-11-29T19:08:34.975000 2023-11-29T719:15:14.980000 CALET

CGBM
GRB231129C
GRBAIlpha
Optical

Optical 2023-11-29T19:11:48 2023-11-29T719:11:49 11.1582 -81.9969 circle_r(arcsec) 4 GRB . 0.000268 false
231125C
swift XRT

swift XRT 2023-11-30T04:47:22 2023-11-30T04:56:22 11.1769 -81.9936 circle_r(arcsec) 9.5 GRB 1.78e-8 false
231125C

CALET
CGBM

GRBAlpha  2023-11-29T19:09:28.539022 2023-11-29T19:11:09.535003

| Prev. | 1 | Next|

Keywords in and “pointing_kw” can be used for the search.




Object Search (GRB 231129C)

GRB 231129C

viewer object instrument tstart tstop pointing_kw flux flux_unit flux_com upper_limit Ic_file spec_url image_url source_url filter

GRB231129C

GRB 231129C MAXI GSC 2023-11-25T19:08: 2023-11-29T19:13:05 -81.63 MAXI 1355 mCrab 0.0034 false 2-20keV
GSC
GRB231129C

GRB 231129C CALET CGBM 2023-11-29T19:08:34.975000 2023-11-29T19:15:14.980000 CALET

CGBM

GRB231129C

GRBAlpha

Optical

GRB 231129C Optical 2023-11-29T19:11: 2023-11-29T19:11:49 11.1582 -81.9969 GRB . Mag 0.000268 false unfiltered
231129C
swift XRT

GRB 231129C swift XRT 2023-11-30T04:47: 2023-11-30T04:56:22 11.1769 -81.9936 GRB
231129C

40-
1000keV

GRB 231129C GRBAlpha 2023-11-29T19:09:28.539022 2023-11-29T19:11:09.539003

0.3-10
keV

Flux of GRB 231129C

| 12028/11/29 19:08:05 2 ™ If the cursor is on the plot, function buttons appear. +;;;itr|'tc:IT—ui1fDiitha—r’lezkev
—_— 0.001 — / 2-20ke
Reset : . The label appearsif the cursor is on each button. M ese 2Rt
1004 “Download plot as a png” saves plots as pngfile.
E Pushing “Zoom” and dragging on the plot zoom in the plot.
% Pushing “Pan” and dragging on the plot shifts the plot.
Co “Zoom in/out” can zoom in/out.
“update j “Reset axes” (“Auto Scale”) reset the plot.
100n
chart” apply f‘
S etti ngS Lo 0 Sk 10k 15k 20k 25k 30k 35k

cha nged. time (s) T0=2023-11-29 19:08:05 30




Light curve

'

-8 8 8 8 8 S

Instrumen nd filter

Check all

MAXI GSC 2-4keV

MAXI GSC 4-10keV

MAXI GSC 10-20keV
MAXI GSC 2-20keV
CALET CGBM 40-100keV
CALET CGBM 100-230keV
CALET CGBM 230-450keV
CALET CGBM 450-

1000keV

L
'
L'
'
'
'

CALET CGBM 40-1000keV
GRBAIpha 80-120keV
GRBAIpha 120-400keV
GRBAIpha 400-670keV
GRBAIpha 670-950keV
GRBAIpha 80-950keV

Update chart

Object Search

Each lightcurve can be turned on/off
by the checkboxes.

10

GRB 231129C

GRB 231129C

The same function
buttons are available as
the flux light curves.

—— MAXI G5C 2-4keV

—— MAXI G5C 4-10keV

== MAXI G5C 10-20keV

—e— MAXI GSC 2-20keV

—=— CALET CGBM 40-100keV
CALET CGBM 100-230keV

—+— CALET CGBM 230-450keV
CALET CGEM 450-1000keV

—=— CALET CGBM 40-1000keV

—=— GRBAlpha 80-120keV

== GRBAlpha 120-400keV

== GRBAIpha 400-670keV

~=— GRBAIlpha 670-950keV

—=— GRBAlpha 80-950keV
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Link from Viewer to Object information

Viewer

FoV Filter J2000 35‘11 54 20.84 -48 03 49.] @Status

V’MID MJD gamma
T S LST

2023/f/01 00:00:00 l: X
' Swift 0K
A

Optical/NIR
Stop @?

- Subaru
2024/04/11 00:00:00 ,v

. Tomo-e .
Instrument/type / P
v Check all .

swift XRT/fov
swift XRT/object
MAXI GSC/object
Fermi GBM/object
IceCube/object @
v optical agu-target/fov @
Target

GRB 231129C

Coordinate

RA ‘ ‘ Dec ]

Submit

Reset FoV

Gravitational Wave Filter

GRB 231129C
¥ Show gravitational wave ; swift XRT (fov)

¥ J2000: 12.182, -81.894
Date A < ob fe :

-~
2024/04/10 |5

Submit

EREG The popup appears if we click object/FoV.
Suzaku WAM 0.0 10000 “Object information” in the popup is a direct link to the object information. “#*!




Registered data (2024/11/14)

Swift XRT/fov
* observation history (once / day)
Swift BAT/object

 every GCN/Notice (near real-time)

MAX GSC/object
« MAXI GRBs (manual)

Fermi-GBM/object

 every GCN/Notice (near real-time)

lceCube/object
 |CECAT-1 (Gold & Bronze, 2011-2023)
https://dataverse.harvard.edu/dataset.xhtml?p

ersistentld=do0i:10.7910/DVN/SCRUCD
* every GCN/Notice (near real-time)

optical agu-target/fov (temporary)
e S230927ba (for testing)

Gravitational wave filter
e GW150914
e GW170817
« O4b (FAR< 6.34e-7)
* every GCN/Notice (near real-time)

Light curves (count)

* GRB 241129C (for testing)
« MAXI/GSC
« CALET/GBM
 GRBAlpha

« GRBAlpha GRBs

 VZLUSAT-2 GRBs

« Swift/BAT GRBs (~ 2023)

Light curves (flux)

« GRB 241129C (for testing)
« MAXI/GSC
e Swift/XRT
* Optical
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https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/SCRUCD
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/SCRUCD
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