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Outlines

* GWAC system

“ ToP project of GWAC and ToP activities

“ ToP GW campaign for O3

* ToP joins in the GRANDMA



GWAC system: hardware
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Aperture Filter Miimt Obs. mode

Telescope  Num for O3  Location (cm) [Single /Stack] for ToO

GWAC Xinglong 18 298 Clear 16/17 Tiling

10" / Gal. target /
18" 2Kx2K) Clear, BRI 18/19 Point

Gal. target /
Point

F-60A /B 2 Xinglong 60

30cm 1 Xinglong 30 i Clear, BRI 16.5/17




GWAC System: observation strategy

GWAC |mage
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GWAC system: observation strategy

Fixed Grid

Multi-observation mode

+  Monitor mode (Routine
Observation)

+  Patrol mode

+  Template mode

+  Auto-ToO mode

+  Manual-ToO mode

“  Syncmode

+  Manual mode



GWAC system: software

* Automatic scheduling and
observation

+ Realtime data reduction

« Powertul user support
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ToO Patrol (ToP) project of GWAC

ToO Patrol (ToP) project dedicated for ToO follow-up observations
using GWAC system

History:

* SVOM and LIGO signed MOU in March, 2015

* GWAC team followed up the GW151226

“ We started the ToO project since April 2016 at Les Houches

* 1st ToP workshop at Xinglong observatory in May, 2017

« ToP is following up for several types of ToO
i 2 "

A L
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AT of

April 2016, Les Houches



ToO Patrol (ToP) project of GWAC

1s« Workshop of ToP at Xinglong, May, 2017



ToP activiies: GW

GW follow-ups sy 0:060060 |
During O1 run:
« GWI151226
During O2 run:
« GW170104

e 6 other events

* Sky map of GW151226

_ First observation of ToP
e 10 GCN circulars ( 2 skymap_ourfield.png with Mini-GWAC

GCN circulars using
2.16m Xinglong and
2.4m GMQG)

[
3.01093e-20 8.70202e-05

* Sky map of GW170104

Observation started in
minutes after the alert (2
hours after T0)

Coverage of 84.4%
probability

_ — Upper limit of 11 mag

306724023 0.000114%0€

The largest probability coverage for GW170104 in shortest latency for optical band

http://[www.svom.fr/en/# filter=.coulissesarticle.portfolio566load



ToP activities: Fermi/GBM GRB

4 First GBM/GRB trigger (531225917)
Fermi/GBM GRB follow- 2017 Nov. 1

i 2017-11- 2017-11- This is a REAL
up S 112 Fermi-GBM 3 531239007 01T14:23:22.80 GEOLUN 57.970000 46.970000 |15.0100 01T14:23:36 trigger, Response
i 2017-11- 2017-11- This is a REAL
112 Fermi-GBM 2 531236667 01T13:44:22.53 GEOLUN 31.400000 42.670000 |13.2800 01T13:45:00 tnggerA,g;\e;ponse
1 i 2017-11- o | This s aREAL
Slnce N OV. 2 0 1 7: 112 Fermi-GBM 1 531225917 01710:45:12.67 GEOLUN 38.250000 48.350000 | 16.2400 M

#*  Slack APl Tester ~rp 6:46 PM

* Trigger Time (10:45:12.67 UTC) X SlackAPlTester 172
. 1 0 + events Trigger ID: 531225917

* Alert arrived at 10:45:50 UTC Trigger Time: 2017-11-
01T10:45:12.67
RA: 38.25

® Grid ID: 01110557 (Pointing RA: 11.11 DEC: 55.75) DEC: 48.35

POS Error: 16.24

MMA on duty: Xuhui

GWAC scientist on duty:

This alert is currently reachable.
The follow up cmd is sent

* Firstimage is taken at 10:47 UTC (2 minutes after trigger time)

®* Observation command is sent at 10:46:01 UTC

Online data process:
824 new sources

Online GRB filter:

2 candidates

Human check:
0 new credible source




First real Fermi/GBM GRB trigger (GRB171210A) on 2017 Dec. 10

ToP activities: Fermi/GBM GRB

- ~ a AAEOY 2017-12- ~c 22T GEN P o 2017-12- |This is a REAL trigger,
lnggar ki Ll Fermi-GBI 6 2345uU560 10T11:40:15.26 | CEOLUN 337050000  2f.500000  1.0000U | UOT |\ 015835 Response ASAP.
. S 2017-12- - R 2017-12- |This is a RCAL trigge-,
Trigger File 12 Fermi-GBNM 8 531589360 10T11:43:152¢ | GEOLUN  337.770000  27.570000  1.00000 | 151.70 |4nr44-rg 53 Response ASAP.
: 4n . EAAEG 2017-12- , ~ Q4R 2017-12- |Thie le a REAL trigger,
Trigger File 172 Fermi-GBNM 7 534559360 10111:49:15.26 GEOLLN 338400000 29.210000 122000 | 82.20 10111:20:47 | Response ASAP.
. a5 - A =nAED 2017-12- ; - “R 20n 2017-12- [This is a REAL trigger,
Trigger Cila 177 Fermi-GBM 6 534529560 10T11:43:15.26 GCOLLN 338490000  28.200000  1.50000 | 57.40 10T11:49:52| Response ASAP.
o  Slack APl Tester -/ 7531

* Trigger Time (11:49:15 UTC)
e Alert arrived at 11:49:52 UTC

* Grid ID: 34180307 (Pointing RA: 341.81 DEC: 30.75)

e Observation command is sent at 11:50:21 UTC

* Taking data since (1 hour after trigger time (due to CCD

failures))

e No new source detected

e Real GRB confirmed

Update Fermi-CBM-Final a ert
rgger 11): 534599034(0)

RA: 337.95

DEC: 27.55

PCSError:1.0

This alert is currently reachable

The Follow up field 1D is 24280307 (Ra=341.81,

CEC-30.75) using unit 004. Th= cmd is sent




ToP acuvities: Swift GRB & Neutrino

Swift GRB follow-ups

Since 2017:

« 2GRBs

« 1FRB

Since 2018:

» Switt GRB automatic follow-up

Neutrino follow-ups
Since 2017:
 7events (~30%)




ToO Patrol (ToP) project of GWAC

Instrument & ToO type

Telescope Observation strategy Status

GW Tiling
GWAC

Fermi/GBM GRB Tiling @

Mini-GWAC GW Tiling
Swift GRB Pointing ®

F-60A /B

GW Galaxy Targeting ®
Neutrino Pointing ®
GW Galaxy Targeting @

No longer use @ Not ready



ToP GW campaign for O3 run

ToP needs to be ready for O3 run

Telescope ToO type Observation strategy Status

GW Tiling
GWAC
Fermi/GBM GRB Tiling @
Mini-GWAC GW Tiling
Swift GRB Pointing ®
F-60A/B
GW Galaxy Targeting O
Neutrino Pointing ®
30cm
GW Galaxy Targeting O

® Ready No longer use @ Not ready



ToP GW campaign for O3 run
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ToP GW campaign for O3 run
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ToP GW campaign for O3 run

Preliminary BA system of ToO Patrol (ToP) project
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Observing strategy and scheduling of
ToP

Tiling strategy using GWAC
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Observing strategy and scheduling of
ToP

Gal. targeting strategy using F60A/B & 30cm

Gal ID Ranking
Gal. 1 1

Gal. 2
Gal. 3
Gal. 4
Gal. 5
Gal. 6
Gal. 7
Gal. 8
Gal. 9
Gal. 10

O 0 I O U1 = W DN

D=
. O

Galaxy Ranking x
based on: GalID  Ranking

3-D sky map of event Gal. 11 1
Gal. 12

Gal. 13
location of telescope Gal. 14
Gal. 15
Gal. 16
Gal. 17

* probability of galaxy

detection capability of
telescope

N N O WN

 weather or other conditions



Observing strategy and scheduling of
ToP

Gal. targeting strategy using F60A/B & 30cm

Gal ID Ranking
Gal. 1 1
Gal. 2 2
Gal. 3 3
Gal. 4 4
Gal. 5 5
: Gal. 6 6
Gal. 7 7
Gal. 8 8
Gal. 9 9

* ) )
~50 * 3 galaxies per night
Galaxy Ranking
” Tl

based on: GalID  Ranking
* 3-D sky map of events Gal. 11 1
=l Gal. 12 2
* probability of galaxy GZI - ;
* location of telescope Gal. 14 4
detection capability of Gals 2
0 Gal. 16 6
telescope Cal. 17 7

 weather or other conditions



Latitude[°]

+90°

+60°

+°30

-30°

-60°

-90°

T'oP joins in the GRANDMA

GWAC team will join in the hardware and software development of
GRANDMA

180° W

Longitude[°]




T'oP joins in the GRANDMA

“Hub and spoke”

architecture scheme
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T'oP joins in the GRANDMA
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T'oP joins in the GRANDMA

Telescope site
(GRANDMA)

telescope capability,
| L _ _ availability, ete.)_ _ _;

|

|

|

| || ™ Conditions (weather,
1

|

|

e+ Responsibility for the GRANDMA database
el ). development

Lo - Respon31b111ty for servers and data storage

- eas e oas s o oeas oar ool o oo o o o oED GED GED GE GoE G
-— eas eos o o o o o o e,

/
P s ~ | Telescope site :
I BA Web Server | I (GRANDMA) |
| r ———e e T e - I | \ /
I ' I
| |

-— eas eos o o o o o o e,

/ )
N o e e e e e e e e e e e e e o / | Telescope site |
l (GRANDMA) |
{
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Alert quick Architecture scheme
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T'oP joins in the GRANDMA

\ GRANDMA NETWORK

(
I Telescope site
| (GRANDMA)

“““““““ I~ Conditions (weather, !
— telescope capability,
| ! availability, etc. ) |

| |

| |

| |

| |

t |

| |

| | '
| Observation scheduling and | | | ! follow-up (observation & | |
| |

| |

| |

] |

| |

| )

' | ‘I data processing) |

I dispatching |

|
Telescope site |
(GRANDMA) |
/

Telescope site

J } * Main responsibility for the GRANDMA BA

' system

] )
: Alert check | | Alert monitor | W w Z2 1 CIIELUULULL U Jduliuiiiy
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Conclusion

* ToP project of GWAC has been and is doing several
types ot ToO follow-up observations since 2017

+ ToP with four GWACs, two F-60A /B, one 30cm

telescope will be prepared for GW /O3 run

« ToP will join in the GRANDMA with its telescopes,
servers, database, scheduling and BA system

Thank you for your attention!
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Latitude[°]

Observing strategy and scheduling of

GRANDMA

Dynamic Scheduling for GRANDMA network

Complexity of scheduling system
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Observing strategy and scheduling of

GRANDMA

Scenario one: an event observable at several

observatories
Gal ID
GalID  Ranking 5246
E— 1 Gal. 7
el ’ Gal. 8
Gal. 3 3 Gal. 9
i 4 Gal. 10
Gal. 5 5
Gal I
al. 16
GalID  Ranking Gal. 17
Gal. 11 1 Gal. 18
Gal. 12 2 Gal. 19
Gal. 13 3 Gal. 10
Gal. 14 4
Gal. 15 5

~50 * 5 galaxies per night

Ranking

I Heart of the network
external partner
ToO (proposal)

Ranking
T o \icossc

2 ’ »

3

-60°
-75°

RA[hr]



Observing strategy and scheduling of
GRANDMA

Scenario two: an optical counterpart detected by one
telescope

GalID  Ranking
Gal. 6 1

GalID  Ranking W feart of the network
Gal. 1 1 Gal. 7 2 T ?23’22?;522?;3 ‘
Gal. 2 > Gal. 8 3
Gal. 3 3 Gal. 9 4
Gal. 4 4 Gal. 10 5
Gal. 5 5
GalID  Ranking
Gal. 16 1
GalID  Ranking Gal. 17 >
Gal. 11 1 Gal. 18 3
Gal. 12 - Gal. 19 4
| Gal. 13 3 Gal. 10 5
Gal. 14 4
Gal. 15 5 o



Observing strategy and scheduling of
GRANDMA

Scenario two: an optical counterpart detected by one

telescope
GalID  Ranking
Gal ID Ranklng Gal 6 1 mmm Heart of the network
Gal. 1 1 Gal. 7 2 ?fé?.":flgzsr?f ‘ %
Gal. 2 ) Gal. 13 1 .
Gal. 4 4 Gal. 10 5
Gal. 5 5 RA[hr]

Gal ID Ranking

Gal. 16 B 2 [ Zadko \LCO-SSC
. e

GalID  Ranking

[°]

Gal. 11 1 3

Gal. 12 2

Gal. 14 4

Gal. 15 5 RAThr]

Multi-band confirmation



Observing strategy and scheduling of
GRANDMA

Dynamic Scheduling for GRANDMA network

Conditions:
* weathers,

2017-08-17T12:41:04.000 UTC (T0+0.0h)

* telescope
availability,
* visibility,

Latitude[°]

* updated skymap,

* observed target
list

* optical candidate
list

* etc.

Longitude[°]



