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Challenges in the research of the EM counterpart of ET detections
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Challenges in the research of the EM counterpart of ET detections
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Challenges in the research of the EM counterpart of ET detections

Large errors on sky
localisation

-

Larger volume
of the Universe explored

Huge number of BNS
detections

KN, all Oy

How to detect, identify and characterise

their EM counterparts?
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Spectroscopy: the bottleneck of next generation GW-MM science

important for the study of the physics of the phenomenon,
the environment, heavy elements nucleosynthesis WWM
and for the KN identification
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he acquisition‘of multiple spectra at the same time can play a key role In

identifying and characterising

M counterparts
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Integral F.E?l/d and Multi-Object Spectroscopy
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IFS and MOS with the Wide-field Spectroscopic Telescope

WST MOS field WST IFS field
~1.2 arcsec aperture 0.25 arcsec sampling

in operation
in construction
planned
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10m primary mirror

o

IFS FoV (arcmin?)

N

BlueMUSE
WEAVE, & muse

Large field Of View aﬂd h|gh mUItipleXing - o KCWI GMTIFS. IRIS: HARMONI-

MEGARA

Simultaneous IFU and MOS ) 5 10 15 20 25 30 35 40

Telescope Aperture (m)

XVETSYymposium - May i28th, 2025



ET-WST synergy

Devel%‘pment of the observing strategy
within the WST Time Domain Working Group and the Division 4 (Multimessenger Observations) of the ET OSB

Credits: WST White Paper

Stand-alone scenario

Galaxy targete@ search with IFS
and MOS within the GW signal
error region

Synergy with optical-NIR
photometric observations

IFS and MOS used to target the
counterpart candidates found by

optical-NIR surveys (Vera Rubin) FHow many galaxies will be found
In the “comoving error volume” of ET BNS?
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What are the properties of EI BNS EM counterparts that are detectable with WST?
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ET-WST synergy

ET BNS populations

GSSI| group
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ET-WST synergy

Detectability and characterisations

ET BNS popu\ation / of ET BNS counterparts with WS
- |WST

GSSI| group

KN + GRB emission

Analyse how the results depend onthe
Analyse how the results depend observable properties [ejRiglsNsINNNeleJelu]F-lile]a
elRialel intrinsic properties [SRNS

NSs equation of state: APR4 and BLh

redshift
sky localisation

NSs mass distribution: gaussian and

viewing angle
uniform

magnitude
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ET_WST Syn ergy _. 1year of ET operations 10 years of ET operations

Simulations
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E'T-WST synergy

Simulations

Detections horizon Magnitude limits

WST IFS - t =12.29hrs WST IFS red - t =12.29hrs

3 KN parent population

:] I\N l)a‘l‘ont l)ol)llla‘tion Vera Rubin Observatory detections

/ Nl 3<SNR<5, detectable:30.49%

Vera Rubin Observatory detections S 5 <SR 10, detectabled] 50X

BNl 3<SNR<)H, detectable:35.33% . B SNR > 10, detectable:9.75%
MZN 5<SNR<10, detectable:22.57%

B SNR > 10, detectable:9.77%
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Biscro et al. 2025 in prep

White: ET+C

= BNS detections in 10 years of operations

Grey: Vera Rubin Observatory KN detections

Colored: WST KN detections
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E'T-WST synergy

Simulations

Detections horizon Magnitude limits Afterglow contribution

WST IFS - t =12.29hrs WST IFS red - t =12.29hrs

NT -~ . 3 KN parent population
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Biscro et al. 2025 in prep

White: ET+CE BNS detections in 10 years of operations Colored: Sources wihere the
Grey: Vera Rubin Observatory KN detections afterglow outshines the KNFamong

_ Colored: WST KN detections WST detections with the IFS red arm
See Hazra’s Talk!
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E'T-WST synergy

Simulations

Detections horizon Magnitude limits Afterglow contribution
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White: ET+CE BNS detections in 10 years of operations Colored: Sources wihere the
Grey: Vera Rubin Observatory KN detections afterglow outshines the KNFamong
Colored: WST KN detections WST detections with the IFSred arm

How can we detect, identity and characterise these counterparts with WST?
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E'T-WS'T synergy

Observing strategy ‘
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GW alert :
estimate of luminosity distance and
sky localisation
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How many galaxies can be found Vi~ Q[
in the comoving error volume of each BNS”

!

Schechter function parameters

from llbert et al. 2005
I’lgal el VC . nm1<m<m2 \
l nm1<m<m2 N [
: Number of galaxies whose distance is : T
' consistent with the 3D GW localisation * [Mpc™]
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E'T-WS'T synergy

Observing strategy
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E'T-WS'T synergy

Observing strategy
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ET-WST synergy

Observing strategy

PossibF ssues W|th a galaxy-targeted strategy:

The KN and its host gaIaXy'ar_e_ . _" :
superposed point sources,
Wlth the host outﬁmng the KN
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E'T-WS'T synergy

Observing strategy
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E'T-WS'T synergy

Observing strategy

: ; -',VSl. g Yy ¥ : & ’ A ; ‘_.7;-. g 4 ¥
. : - e oy 5 : » AGRLREY NN e 3
. - - e L
» R - : ’ - 5
. '<' PR 3 ; _ * -, )
3 : 'l e | ; >, 3 j .. '\1_ ': S %
* " i ¢ /'. : %

'Eiber aperture . ey A
D R fset from its host galaxyy,

ne r_Lgk;Offmissing the @




E'T-WST synergy

Observing strategy
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E'T-WST synergy

Observing strategy
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E'T-WS'T synergy

Observing strategy *
Possible issues with a galaxy-targeted strategy:

Rl S RBs offset and host galaxy magnitude at z<0.5
R from BRIGHT (Fong et al 2022, Nugent et al 2022)

- SGRB offset is larger than
fibres aperture and larger than
the host 7. in most cases

- Surface brightness at the
SGRB location is comparable or
fainter than KN magnitude

iRl
“May28th. 2025

Galaxies typically brighter
than KN

Spectral subtraction needed
in these cases




E'T-WS'T synergy

Observing strategy ‘
Possible issues with a galaxy-targeted strategy:

saiaxies pIaly BrIGNIST | min-IFUs with fibres bundles
would be great for handling

Spectral subtraction needed these cases
in these cases + IFS for the closest events
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ET-WST synergy

Observing strategy ‘

Alternative strategy:

bhotometric telescopes observatio e
) with WST fibres
|
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Conclusions and futu&prospects

- IFS and MOS with WST are well suited for the identification and characterisation of EM
counterparts of next generation GW detections

- WST can be dsed both alone and in synergy with optical-NIR photometric observations

-W >[, KN can be unveiled up to z~0.4 and AB magnitude ~25
R o o " *‘ V5 .;- s Zirn ' ) | ’

GRB afterglows contribution is observanle for systems with small viewing angle, up to ~153°, also at
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E'T-WST synergy

Galaxies in the BNS comoving volume

Number of galaxies in the comoving error volume - I band
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Bisero et al. 2025 in prep
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Telescope aperture 12 m
(M1) seeing limited

Telescope FoV 3.1 deg?

Telescope Spec. range 0.35-1.6 um

Operations MOS and IFS simultaneous operations
ToO implemented at telescope and fibre level
FoV 3.1 deg? 3x3 arcmin?
(mosaic on 9x9 arcmin?)

Spectral range 0.37-0.97 um 0.37-0.97 um
(simultaneous) |

Spectral resolution 4000 3500
Multiplexing 20000

channel | spectral range [A] | best throughput
range [A]

— %
blue 3700-6100 4800-5800 0.64
- vos
blue 3700-5350 4800-5300 0.41

orange | 5150 - 7400 6000-7000 0.55

red 7200-9700 7300-8300 0.61
WS T alianworkshop - Mareh 12th, 2025



