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What happened after the merger?

What are the progenitors of GRBs and kilonovae?
- Short/long GRBs explained by BNS?
- Diversity of kilonovae? f crB211211A, GRB230307A

Can BNS mergers explain the origin of all heavy
elements?

.«P‘ N Quark-Gluon Plasma
~ Aqcp

QCD phase transition?

Temperature

~ N Baryon Chemical Potential

Fujimoto+,
PRL 130, 091404 (2023)

Sarin & Lasky,
Gen. Relativ. Gravit. 53, 59 (2021)

17



https://doi.org/10.1007/s10714-021-02831-1
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https://doi.org/10.1103/PhysRevLett.130.091404
https://doi.org/10.1103/PhysRevLett.130.091404

A. J. Levan+, Nature 626 737 (2024)
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GRB230307A Excess

* Not collapsar due to large offset (~40 kpc) from host galaxy
« Likely BNS merger but long GRB (~ 35 sec)

» Similar kilonova to 170817 but extremely red

Photometry, 61 days

29-day model

—— 61days ® Photometry, 29 days 0 AT2017gfo, 43 days
AT2017gfo, 10 days
[Te Ill] W [Selll]
230307, 29 days
’h [ . \. .h ulLulﬁW ﬁ | EIBH‘ E
" HL st Black body emission?
“L Dust? Missing radiation transport?
WD-NS/BH?
25 3.0 3.5 4.0 4.5 5.0 18

Observed wavelength (microns)
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LIGO-Virgo-KAGRA Observations

« Coordinated runs to detect GW signals by muiltiple
detectors for better sky localization etc.

Updated O1 02 03 04 IR1
2026-04-14
80 100 100-140 150-170 160-180
Mpc  Mpc Mpc Mpc Mpc
LIGO , N HEE
First detection 30 40-60 50-60 50-60
1 Mpc Mpc Mpc Mpc
Virgo ]
0.7 1.3 5-7 7-15
Mpc Mpc Mpc Mpc
KAGRA | | 1]

| | I | T T I I [ [ | | | | | |

G2002127-v35 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026| 2027 2028 2029 2030 2031

https://observing.docs.ligo.org/plan/
Today: Upgrading for IR1

) .


https://observing.docs.ligo.org/plan/

Sound from Binary Coalescences

* Louder if closer, tone is higher if mass is lighter

ATIONAL WAVES

GW150914
]
35.6Mg o
%} 63.1M o
30.6M g " - o) L 2L i
_ Time [‘39(0}1(1‘3] fr'orﬂ_ZOl_S{JQ-lJ (,>9:5(J_:45 UT{, (112@3594({2,:‘)) _
First detection, first black hole merger
'_|o 200 Run 1 Run 2 > Run 3
= s
= 100 =
2016 2017 2018 2019 2020

Time [year] By: SYSTEM Sounds



https://youtu.be/gT1VwCTe_90

Further and Clearer

« 300+ events with increased detector sensitivity

10 Years of L"K Black Hole* Mergers Total Initial Mass Signal Strength Unreleased Data
: ‘ 0
*plus several neutron stars! 10 (Solar masses) 200 low high
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Image credit: LIGO/Caltech/MIT/R. Hurt (IPAC) P ( )



Some of Highlights

Population studies IMBH events
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=] \ Bowen Law-+ FRAK GWIC:0 T a gravitational-wave signal from the most
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https://arxiv.org/abs/2509.04348
https://arxiv.org/abs/2508.18083
https://doi.org/10.1103/kw5g-d732
https://doi.org/10.3847/2041-8213/ae0c9c

— A2 E N e
DESI({C X SF B aRAITE
« Dark Energy Spectroscopic Instrument Data Release 2
- 4 m optical telescope in Arizona DESI, PRD 112, 083515 (2025)

« Baryon acoustic oscillation measurements from more than

14 million galaxies and quasars
ls DARK ENERGY changing??

Where predictions should fall if the

standard idea of dark energy is correct
(i.e. A, energy density is constant)

Expectations when

$ /v combining data from:
3 o
39
s U .
¥ p 68% of predictions %
S & based on data fall here .
€9
g P /
3 § 95% fall inside this line AN/
S
o
g 3
o - 0 28420

is ADCM tension

T he' combination of’our best meau;rtemente
Z g".dontfut the “best” model of the un-ver‘ae...‘;t 5 /T~ ?@ rKl—Eigj —Clgﬁb \ f?
something # KA~ ACDMDIEN, P

How dark ener gy behaves today 24

How the behavior of dark energy changes
P S—
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 https://www.icrr.u-tokyo.ac.jp/
prwps/panorama/KAGRA/
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With Addition of KAGRA...

« Better sky coverage and 3+ detector duty factor

« Better sky localization helping multi-messenger
- 1~5 BNS detections/year localized < 10 deg?in O5
- 5~23 BNS detections/year localized < 10 deg?in O6

N

1 HSC/PFS FoV
| Rubin FoV

R

Sky localization error [deg?]

o T T e o

With KAGRA /4
With Virgo / . \
Hanford SN

Livingston “ 5/ /

* Fisher analysis for BNS at 100 Mpc
* Single detector duty factor of 80% assumed
* BNS merger rate
90-450 /Gpcd/yr
See, also:
R. Weizmann Kiendrebeogo+, 43
ApJ 958, 158 (2023)



https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1

KAGRAD CNND'H

s EREEN U, EFRAZBARAIEREZRIR
» JaUlT« VA—DkEH

RIRCSDNE? 53
« H=DOVH—ERE S

Laser / / Strahltei? Spigel
'f_.fg;.if-;‘ifl;iii;;'i:'_'i":f.l?;i’i;:'-?:;iffi:

CL EMEENEMEEINALDD
SEFEREHE
EENMEREHIEE ?

e gETe

@

5
./
£ 3
F4 L8
Dm =
hz =
£ " L§
8 i

Photodetektor

—\UN e X e« e

==
AASS | EOCIRT ST lte

—
z
EH
3
%
=
%
7]

[

|k
H
?

A AH—E—C
B

TS

BiEREE

HRIEETS
MB#E | n§E

BOLES HROBITEE g
§—978—%KAGRATRE -

SE R SRRSO ZE e

44

™
|
B
=
< B
R
™



LIGO-India (4 km, Room Temp.)

* Aundha site acquired in May 2023
« Being built as the Advanced LIGO configuration

* Aim to be operatlonal in the early 2030s
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1 1 scale vacuum testlng

10 m prototype at RRCAT
~ being built for testing
# and training
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https://dcc.ligo.org/LIGO-G2500785
https://dcc.ligo.org/LIGO-G2500785
https://dcc.ligo.org/LIGO-G2500785
https://dcc.ligo.org/LIGO-G2401602
https://dcc.ligo.org/LIGO-G2401602
https://dcc.ligo.org/LIGO-G2401602

Next Generation Detectors

* Next generation detectors coming in late 2030s,
with space-based detectors (multi-band!)

Updated o1 02 03 04 IR1 06
2026-04-14
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Einstein Telescope

« Xylophone configuration
- 10 K silicon interferometer for low frequency
- Room temp. fused silica interferometer for high frequency

« 10 km A ortwo 15 km L, underground

—-20._ Branchesi+, JCAP 07, 068 (2023)
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https://iopscience.iop.org/article/10.1088/1475-7516/2023/07/068
https://iopscience.iop.org/article/10.1088/1475-7516/2023/07/068
https://iopscience.iop.org/article/10.1088/1475-7516/2023/07/068

Cosmic Explorer

* 40 km and 20 km L-shaped
- 40 km only if ET in Europe

 Room temp. fused silica (technical overlap with A#)

A# (O6)

Cosmic|Explorer
100
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https://doi.org/10.1088/1475-7516/2021/03/019
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