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8.46608e-45 pixel probability 3.46304e-05




Observed
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Unobserved
0 logi1o(times observed) 2 99979

Kelinan & Arcavi, In prep.
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Kelnan & Arcavi, In prep.
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If we would have coordinated, we
might have found the EM
counterpart to GW190425, or at
least better constrained models
(and saved a lot of telescope time)
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- Villar et al. (2017), Radioactive Decay

Kasliwal et al. (2017), Shock Cooling
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Solid = Neutron Heating, Doshed = No Neutron Heating

10
time t since merger (hr)

Metzger et al. 2015



Optical-UV Observations
In the first ~hour
after a NS mereger
followed by sub-day cadence
ARE CRUCIAL



MUST coordinate to find the EM
counterpart, and to find it fast




Treasure Map Home Alerts Query Pages ~ Submit Pages ~ Documentation Profile Logout

Gravitational Wave Ligo Alerts

S190425z

htt p :/ / t rea S u re m a p = S pa Ce Gravitational Wave Localization and Pointings: $S190425z

Initial Update

RepOrt yOur pOintingS and retrieve Dectector-s L1,V1 - GAP 0.0
other’s pointings (and other

Distance 156.143991731477 +/- 41.3733570000998 Has NS 1.0

information) with one line of code +
web visualization i '

* Sam Wyatt (U of Arizona)

* Aaron Tohuvavohu (U of Toronto)

* And: Austin Riba (Pedal Driven
Programming), Dave Sand & Michael
_undquist (U of Arizona), Andy Howell (Las
Cumbres Observatory)




The “Treasure Map”

http://treasuremap.space

|deal use case:

* Team A submits their planned & later
executed observations.
* Team B sees [eam A's strategy and plans

observations a
duplicating the
well.

-ound them, Ir

M, wWhile subm

stead of
itting this as




Instrument DECam

Information Footprint

Name: DECam

Short Name: None

Type: photometric
Submitted User:gwtm

Events Contributed

Grace ID Pointings

degrees




Search Pointings

Grace ID | GW190425 v |

Bandpasses

All

U
B

Vv

Status | All

=

Show Only My Pointings [_] (required for DOI request)

] Search \

ID

Position (RA, DEC)

POINT(-116.259003
21.938314)

POINT(-116.259003
21.938314)

POINT(-107.30542
4.604737)

POINT(-107.30542
4.604737)

POINT(-107.30542
4.604737)

POINT(-108.522339
-23.451662)

POINT(-108.522339
-23.451662)

POINT(-108.522339
-23.451662)

POINT(-107.611832
6.016252)

Status

planned

planned

planned

planned

planned

planned

planned

planned

planned

Instrument

Sinistro

Sinistro

Sinistro

Sinistro

Sinistro

Sinistro

Sinistro

Sinistro

Sinistro

Band Depth

20.0

Submit Pointing

Planned ID |

(] pre-loads existing information for your planned pointings

Grace ID | Select

v | Observation Status | Select

RA.

v

'DEC|

|

Instrument | Select

Depth ‘

\ Submit \

Position Angle

0.0

’ Depth Error

Time

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

2019-04-25
09:40:58

v | Bandpass | Select v |

Depth Unit | Select

v




TARGET = 'pointings'

#To post pointings you need to first declare the LIGO Gravitational graceid

raceis < TEST B Reports are citable (DO

#Set some parameters
ra, dec='256."',"'-12."

e .o automatically issued for
each report)

"status":"planned",
"position":"POINT("+ra+" "+dec+")",
"instrumentid":instrumentid,
"pos_angle":20.0,
"time":time,
llbandll : Ilopenll -
"depth":21.5,
"depth_unit":'ab_mag'
TARGET = 'pointings'
]
#define the filtering parameters
json_data = { #grab all of the completed pointings taken with a specific instrument for a given event
"graceid":graceid,
"api_token":api_token, graceid = '5190425z'
"pointings":pointings instrument = 'CSS'
}
r = requests.post(url = BASE+'/'+TARGET, json = json_data) params = {
print(r.text) "api_token":api_token,
"instrument":instrument,
"graceid'":graceid,
"status":"completed"

}

url = "{}/{}?{}".format(BASE, TARGET, urllib.parse.urlencode(params))
r = requests.get(url = url)
print("There are %s pointings" % len(json.loads(r.text)))

#print the first
print(json.loads(r.text)[@])

There are 12 pointings

{"id": 4139, "status": "completed", "position": "POINT (-112.788 16.5661)", "galaxy_catalog": "", "galaxy_catalogi
d": "", "instrumentid": 11, "depth": 21.3, "depth_err": "", "depth_unit": 1, "time'": "2019-04-25T09:34:31", "datecre
ated": '"2019-08-19T720:43:10.239772", "dateupdated": "", "submitterid": 3, "pos_angle": 0.0, "band": "open'", "doi_ur
1": llll' lldoi—idll: llll}



‘ nte raCt |Ve 1) ap W|'t h " Gravitational Wave Localization and Pointings: GW190426_152155 [GraceDB]

Preliminary Initial Update Update 1 Update 2
2019-04-26 15:47:.06 2019-04-26 15:53:09 2019-04-26 16:28:42 2019-04-27 11:52:26 2019-04-27 11:08:09

| J2000d v | 303.8

Probability

r{_/ 3000 | B Swift/XRT
| B swift/UVOT

2500 NO'\ 10 ZTF

o)

2000

2MPZ
J00544651+5108434 gal
Score: 0.00268

RA, DEC: 13.6938 51.1454

1500

1000

Other Information:

P host: 2.68e-3

Dist: 196.5

DistErr: 7.4

PA: 35

P GW: 117e-4

L/Ltot: 1.71e-5

P_distOK: 6.19e-3

30 Completeness: 0.69
Mag: 11.227
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Hours since GW T0O

Pointing Status A

Date range (days since Time of Signal):




e Manage transient candidates - through TNS?

e Suggest highest probability regions left to search

e Support other multi-messenger searches (neutrinos)
® [ntegrate with TOMs

e Get community feedback and buy-in (this tool is only as strong as its
user base).

OO ¢
a




¢ Kilonovae stand out from other

transients by photometric evolution rate

e \\le will have this iInformation for many
of the candidates in real time, but
dispersed across different groups.

* Must share individual photometry
measurements for quick real time
vetting.

l
g — r |mag]

Otfek et al. 2024



e Uncoordinated GW followup delays the discovery of EM counterparts or
disrupts it completely. '

e \Ve're missing a lot of science while wasting a lot of telescope time because of
this! e-

* The Treasure Map is trying to fix this, but we need more tools (photometry
sharing) and importantly: a culture of coordination & transparency.



