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\f‘\*"l‘ fZ’ What are we looking for?

- Binary Neutron Star mergers.

- Jets (short? GRBSs) T /q
. Off-axis?

- Kilonova.
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Merger Ejecta
Tidal Tail & Disk Wind

......

Metzger & Berger 2012
Apd, 746, 48
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\,,\V/i w What are we looking for?

- Binary Neutron Star mergers.
Jet—ISM Shock (Afterglow)
- Jets (short? GRBs) e
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\‘“\*”i What are we looking for?

- Binary Neutron Star mergers. MiorZMiaresh MioZMacesn 2.7 MoSMiocSManresn
- Jets (short? GRBs)
- Off-axis?
- Kilonova.
- What colour?

Short-lived =
HMNS

v

Red KN + IbGRB Faint red KN +

Blue KN + sbGRB?
) 7 sbGRB or faint lIbGRB? ‘

Gottlieb+ 2024
arXiv: 2411.13657
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\,\‘/l 7' What are we looking for? LEICESTER
- Binary Neutron Star mergers. 10T, B < 107 G, M= 10y!
> Jets (Short? GRBS) :|—>( U B = 10:: G, MeJ=1O:zM®:
_ B = 10" G, M,=10"2M"
- Off-axis? B = 10' G, My=10""Mg’
- Kilonova. PE E

- What colour?
- Magnetar spin-down.

L, [solid], L, [dashed] (erg s™')

0.1 1.0 10.0

Time (days)
Solid = optical/UV (thermal) Metzger & Piro, 2014
Dashed = X-ray (non-thermal) MNRAS, 439, 3916
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N\ 7' What are we looking for? LEICESTER

- Binary Neutron Star mergers. 10 e 8 Z 107 G, M=o
S JetS (Short? GRBS) :|_>< FOLEUEEEEEECE LT E i ::8:: g, mejilg:EMQE

- Off-axis? 5 = 10" 6, M:=1O“MZ'

- Kilonova. CUE ;

- What colour?
- Magnetar spin-down.
- NH-BH mergers

L, [solid], L, [dashed] (erg s™')

- Maybe a GRB / KN.
- BBH mergers - AR 4 A W
0.1 1.0 10.0
- @ Time (days)
Solid = optical/UV (thermal) Metzger & Piro, 2014
Dashed = X-ray (non-thermal) MNRAS, 439, 3916
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And how do you search?

- GW are hard to localise!
- But we can optimise...

| \\

\\
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- GW are hard to localise!
- But we can optimise...
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\,\‘/i fZ’ And how do you search?

- GW are hard to localise!
- But we can optimise...

- Gehrels: 50% of galaxy luminosity

(hence mass) is in «50% of
galaxies.

- Target bright galaxies.
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T 17-33 Mpc

T 33-50 Mpc

Gehrels+ 2016
ApJ, 820, 136
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- GW are hard to localise!
- But we can optimise...
- Gehrels+: 50% of galaxy luminosity =t

And how do you search?

(hence mass) is in «50% of

galaxies.

- Target bright galaxies.

- Evans+: calculate probability per

aalaxv.

?gal,p — PGW,pCpNZ (P(g‘Pp(D))
8

7Dnogal,p — PGW,p(1 — Cp)

Evans+ 2016
MNRAS, 462, 1591

l%g
Jl¢0t
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/A And how do you search? e or

- GW are hard to localise! e e Al e ani A
- But we can optimise... 1 -

- Gehrels+: 50% of galaxy luminosity
(hence mass) is in «50% of

galaxies. 5
- Target bright galaxies. G
- Evans+: calculate probability per = .| )
aalaxv. S
Lg
Pap = PowsCplN ) | PEIPHD)
g tot
7Dnogal,p — PGW,p(1 — Cp)
O HYY I ————. T auul L 1l L 1 nul L 1 ol L 1l L 1 nul
0. 1 10 100 1000  10° 105 108

Evans+ 2016

90% probability containment area (deg?)
MNRAS, 462, 1591

(after galaxy convolution)
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\,,\V/i 'T Yeah, but what have you seen?

- To date: two BNS triggers
- GW 170817
- GW 190425

- Alikely NS-BH
- GW 230529
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A1 fZ’ GW 170817

NS

NS

<\ /7

L

Ago < 1 deg?.
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GW 170817
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Ago < 1 deg?.
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S\ GW 170817 LEICESTER

1M2H Swope VISTA Chandra

e e o

s . ‘.
10.86h i h)|11.24h YJK,| 9d Xty
MASTER Las Cumbres J VLA
. o
11.31h wl11.40h w 16.4d Radio Evans+ 2017
Science, 358, 1565
Abbott+++ 2017 : -
ApJL, 848, |12 2017 Aug 18.15 2017 Aug 24.0 2017 Aug 18.15

% .
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GW 190425

Aco = 3,833 deg?
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GW 230529

Get to know

GW230029

Full name GW230529_181500

~scovered on 29 ¢
) ~Z May 2023 5t 18115 S

most likely a merger between a
Neutron Star & Black Hole (NSBH)

® o
~1.4 M, ~3.6 M,

Most symmetric NSBH event so far

more likely than prior GW NSBHs to have the neutron star
ripped apart by the black hole

https://gwosc.org/eventapi/html/O4_Discovery_Papers/GW230529_181500/v1/

~ 650 million light years away

e

Detectors Offline OR not operational

HOV®

Primary object in lower mass gap
further supports that this region is not empty

® Online BUT not used for analysis*
® Online AND used for analysis

Mass (M)

* Although the KAGRA detector was in observing mode, its sensitivity
was insufficient to impact the analysis of GW230529

UNIVERSITY OF
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Credit: Shanika Galaudage / Observatoire de la Cote d'Azur
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GW 230529

&

_600
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GW 230529

Ago = 12,545 deg?.
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Back to 170817

15.6 days post burst 109.2 days post burst
GRB170817a GRB170817a
NGC 4993 NGC 4993

CXOU J130946 #CXOU J130946

CXOU J130948 @ CXOU J130948 @

10" 10!!

Ruan... PE+ (2018) See also Troja+ (2017)
ApdL, 853, L14 Nature, 554, 71
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Back to 170817 LEICESTER

XRT = 2.357"/pix

Top: XRT data (smooth/orig)
Bottom: Chandra image convolved with XRT PSF.
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Can we do better? NITRATES

NITRATES sky localization maps

DeLaunay, S.R. + (in prep.) S“de cou rtesy
IN/OUT FOV OUT FOV Samuele Ronchini
90% area = 1285.69 deg? X Real position 90% area = 210.87 deg?
50% area = 187.88 deg? . . 50% area = 64.21 deg?
—— 90 % credible region
60°
30° 30° 30°
0° 0°
OO | | | | | |
0 270° 225° 180° 135° 90° 45° °
-30° -30° -30°

Lowering the
90% area = 7452.76 deg? 90% area = 1370.83 deg?
50% area = 1122.15 deg? GRB flux 50% area = 334.67 deg?

N

270° 225° 180° 135° 0° °

12
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Can we do better? NITRATES

Ago = 2,153 deg-?.

GW 241125 - BBH
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Can we do better? NITRATES

Ago = 2,153 deg-?.

NITRATES:
- 11 s post-merger
o  Subthreshold

o Resa= 5 (1)

GW 241125 - BBH
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Back to GW 230529

- ANS-BH merger (probably). Fermi-GBM +Swift-BAT
> M1~ 3.6 Mg / ~~~~~~~
~ Mo~ 1.4 Mo 4 \
- Fermi-GBM and Swift-BAT covered ‘ .
the whole sky! s '

- No GRB at >10%8 erg/s.

~
~
~
N
-~
[ S

o T———
—7.250 —7.00 —6.75 —6.50 —06.25 —6.00 —5.75

log,([15-350 keV flux upper limit (erg cm ™= s™1)]

Ronchini+ (2024)
ApJL, 970, L20
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Follow up approach LEICESTER

- Simulations show that the UV KN is

. 3w 3 v
best counterpart for Swift = =
n | 1 u | I — 7]
1 uvwl . uvwl
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(O] (@)
| | | | | | | | | | g g
sensitivity vs arrival time g0 g1
. © ] © ]
) )
IS £
> >
(@] © .
900 100 | 10 | AT
I L : L
800 ] |
— Frac Det
3700 10_4 oo T T T T T T T T T T T T T T T T 10_4 T T T T T T T T T T T T T T T T T T
= 103 102 101 10° 103 102 101 10°
8 600 Total counts Total counts
C
g 200 500 s 1000 s
= 10° 5 10° 4
5 400 i Y | Y
| - - b i b
n 300 ' g u ' g u
0 ] ]
v uvwl uvwl
= 200 10_1‘ =1 uvm?2 10_1_ =1 uvm?2
———a—— |
100 S rieouvw2 < UL ouvw2
5 5
900 Z E
o 9 102, 9 102,
800 5 5
> >
S 700 Frac Det g g
o O (@]
=
2 600 1073 - 1073 -
g ] ]
e 500
©
©
400
@ 1074 +—Ar—— ————— —————————— 1074 +—H——r— ——————————— ————
> 300 103 102 10! 10° 103 102 10! 10°
8 Total counts Total counts
S 200
100

0 160 2(I)O 300 400 500 600 700 800 900 160 2(I)O 300 400 500 600 700 800 900 EyleS-FerrIS’ PE+ (2025)
90% area (sq deg) 90% area (sq deq) MNRAS 536 2857

P. Evans — First ACME workshop — Toulouse: 9/04/2025 22



S\,\(i 7' Follow up approach LEICESTER

- _ - - Workflow for GW Siid
U limit d .
ionatipdely follow-up searches with lde courtesy
constraints on the | _ No candidate ) Samuele Ronchini
EM brightness of SWlft
Lthe GW source » - w
\ TO + few hrs
- ) a _ N - N
No BAT onboard DLl Potential
: » | GUANO targeted g :
trigger candidate
search
_ W, N Y N\ J
e
[ FAR and skymap ]
TO + few min. e
fXRT UVOT tili - 10 8 RAVEN A
- iling , : ]
the GW error CE:’;L?;N o } GW triggerJ 4‘ Zﬁ;:gs |—> significant > (Jomtnl?: " GW]
region coincidence? P
_ _J _ W, |
Follow-up
criteria met?
TO - few s v TO + few s v
C A ™ - ™ T —
GW early warning BAT triagers XRT-UVOT XRT-UVOT tiling
+ immediate Swift 99 - | pointing on the the joint BAT-GW
[ onboard " :
S BAT position error region
\ / _ _J _ _ _ _
T0 + few hrs
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Nk 1 rZ. The future — SVOM and EP
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A fZ’ M2OPT: Multi-Mission Multi-Messenger Observation Planning Toolkit

- Mixed integer linear programming
¢ © 0 + scheduler for targets of opportunity

= O mdopt / mdopt Q 8 - + - O n @.9

©
®
0
1D

- Deeply integrated with the Astropy
ecosystem

<> Code (%) Issues 12 {9 Pull requests 1 L)) Discussions (») Actions [ Projects () Security

ﬁ m4opt Public 7 Edit Pins ~ ® Unwatch 6 ~ % Fork 7 v Y7 Star 1 v

- Vector-accelerated synthetic
L comte ) (2 Hoou ¢ photometry for larger parameter
Multi-Mission Multi-Messenger

e Ipsinger Add readthedocs sphinx config v/ 61a1497 - 3hours ago Y Observation Planning Toolkit Swee pS th a n a. re p raCt i Cal With
M .github Bump python/mypy from 1.14.0 t... last week ¢ mA4opt.readthedocs.io/ Sy N p h Ot

| docs Remove outdated pseudocode f... 3 hours ago astronomy nasa ¢l it
satellite telescope cplex O b . t . t d I .
¥ licenses Copy Dorado licenses so that w... 5 months ago : . - Se rVI n g CO n S ral n I I lO e I n g
operations-research healpix
" i Add option to save st framework inspired by astroplan
scheduling-algorithms ultraviolet
[ .gitignore Adjust output dir for junit.xml 3 weeks ago
[0 Readme - F d p
[ .pre-commit-config.yaml [pre-commit.ci] pre-commit aut... yesterday ree a’n O e n SO u rce
A~ Activity
[ .readthedocs.yml Add readthedocs sphinx config 3 hours ago (=) Custom properties
11 st
[ CHANGES.rst Add NPR 7150 compliance matri... 4 years ago w Stars -
© 6wacting https://github.com/m4opt/m4opt
[Y MANIFEST.in Migrate project metadata from s... 5 months ago % 7 forks = =
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\,\‘/i rz' Conclusions

- GW follow up is hard!
~ but worth it!
- Alot of theory... very little data.
- This is a good era to work in the field.
o Swift
- SVOM
- Einstein Probe
- (UVEX)
- Kagra
o LIGO-India?
~ ... we just need some blasted BNS mergers!
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