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Is Dark Energy Evolving? Extreme Gravity as Lab for

Gravity Theories

Two visions of the same Universe E =
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How the Universe expands with time Z20|22 HSsloF ene?
— RTINS & 4 g ‘38 80|
219| ZIx} S Sy
~ ACDM (w = -1, constant) + - . : e i
Evolving dark energy (w = w(z)) S kk}i, G

= == L X7 B SyxpE g

o 5% e 3% 5

I8 BA0ME 930 7|9 UsHE
ofz AESIX AABLICL gLt olshe lRiLict.
0e HE QL Y =  , 2

Big Bang » .
‘“%‘—-((_
Cosmic time ——J»

\’ Early _

times Matter era Recent Universe

szsg TS ADE 0|22 vl

(Z £ 10) (01 i 3) (Z = 1) USHTHAOIE E= MR F20|Z 3} H|R810]

| Dark energy effect Similar Differences ’
emerge

Current data cannot yet distinguish

between a cosmological constant and 33 32 WA 201 F ATl Ay -
a time-evolving dark energy. oo petel i 2 40eI 2 4 e,
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Tensions in Cosmology: Dark Energy
Tension

Son, Lee+25

* Is Dark Energy evolving? o0 ——— - S

* |s the Universe
decelerating?

Lodha+25 (DESI) |
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2030s will see rapid increase in GW events

«In 2030s, of orderof T9F B 0
103_5 eve nts (1 02~3 EXISTING DETECTIONS FUTURE DETECTIONS
BNS merger events)
per year

« >2035, of order of 10°
events (>103 BNS
merger events) per
year
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2025 2030 2035
time

Broekgaarden et al. 2024




Future Prediction (2030s)

Chen+24
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 Search area is too wide (~100 deg? or more)
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MMA In 2030s needs large, wide-field
rapid response telescopes worldwide

« GW Events from LVK, ngGW
=» But most events are at ~1 Gpc

oman FOG2
oman FOBY
oman F106
oman F129
oman F158
oman F184

oman F213

» Optical counterpart from ???

5
- T | wmm LSSTrlimit 30s
s F129 limit 555
2
ime

w
=]
=
=~
c
o
1]
=
m
<

m—— F129 limit Lhr

- Rubin (Chilean sky only)
- ST such-as Roman =» only good for follow-up (narrow field of view)

World will need large wide-field optical telescopes at various locations!



Next Generation 7-Dimensional Telescope: ng/7DT

Upgrade of 7DT

25 x 1-1.5m telescopes
One.at North, another at
South’

Collective light gathering
power ~ a 5 to 7.5-m class
telescope (similar to V. Rubin
Observatory)

Each telescope look at
different wavelength (spectral
mapping capability) or same
wavelength (multiple
operation modes)

2026-06-12 2026 & 10| X|=2|et g 11



ng7DT can obtain 60M spectra of each pixel in each field of view (2.1 x (' ©
2.1 deg?) in one shot and in time series

Time
£ : ?
! g : = W
s 1 »
£ »|
/ I 4 -
5 / -1 N 4

» £ - 3
» o Ld s
. 5
» s

» -
UK
™ »
’ -
— —~ >
] » " ™
= - -l
= P . \‘l
- Bl
\'\‘\M - = - .
A phabistos’ LS



ng/DT, Three Observing Modes

2. Wide-field Mode
Single filter, different positions = 100 - 200 deg?

S

1. Deep Observing Mode
Single filter + the same position
= 5.0 m wide-field tel.

Combined two sites S Y
= 7.1 m wide-field tel. - GW150914 can

be covered with
several
observations

Rubin
(15278 S ™

\
1ed L

F48

3. Spectroscopic Mode b
Wide-field IFU-type observatlons '

’,BaCk'g.round: Rubin FoV -

2026-06-12



Telescope & Camera [7]&
_I"_I_:I 7|'o 7‘AA-| ED

‘ | i ]I ‘ v | .
J LR
: 1 Al ) Ix

t-—- ........

Pf-1000 telescope (1m, f/2.25) Teledyne CLllISso0 Satite

~109 & 60008+ BtA CMOS 7+ 2}
= (8120 x 8120)
~so

2026-06-12 2026 & L0 X|=2E|Et3 14



ng/7DT-North Site Candidate:
New Mexico Skies/Starfront, Canary Islanad

Private teIesc'Qp'e hosting sites with mahy t_elescopes:
Excellent astroclimate (dark sky)

. Good ‘infrastructure : - _ x ae
Experience working with similar companies . ' s
I L2
JP4s 28401 LB
Other candidates: Canary Islands, China, Israel, - e

saty

Morocco, etc, and US national observatory sites - an i

E2|H|o}

njatzfo] -
L]
()
O 22110|
S ELTE

ol T 7 . Starfront@Texas
/ \ '5'7"'\',-"- o >, f_:-‘.
.,. ) ‘éu‘.‘._\ as ):.;‘
{ { ST _ it

New Mexico Skies@New Mexico :
2026-06-12 2026 = 10| X|=2| =] h 15



ng/DT-South Site Candidate:
South African Astronomical Observatory, Chile Sites

2026-06-12

* « Excellent astroclimate

‘v Geographical advantage — no large wide-field facilities
« Ample space to build multi-telescopes
- Existing collaboration heritage: KMTNet & GECKO
« SKA to be operational at South Africa

ther candidates: Australia & Chile

2026 =2 T10j|i XI% 16



/DT Herltage
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Expected Outcome

e < 1% Measurement of HO

New Pysics
- Dark Energy Constraint (&< or 7t%) Or

No New Physics?
« Unprecedented View of Neutron Stars/Black Holes

> S TAL — - —— Gravitational — wave Standard Sirens
= l /0 e | “ . BBH (Dark) v NSBH (Dark) L] BNS (Dark) .
> & > Rt
{ v 0
I | |
: | ¥ o |
70T/ng7D 20 x 0.5m + -

-COSNE HEgds IW 8% =7 3

TR 3 10x1m - BYO¥ 223 K8 84

=
ng70T-N 25 x 1m + -2-3% - HEds &8 HE x7| 42
ng70T-S 10x 1m - YROHX] TS WY 7B =7 4
e SURB)
S7HE equation of state §3 AT
- HEEH BEE 7T
ngGW ng70T-N, - SHEST 28 280 N
(ET, CE) e ng70T-S - OEMSE O 8§T RO X| T2
-]
- B8% ¥ equation of state 78

BNS (Bright)

CE4020 CE40ET CE4020ET
Networks
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Bottom-up processes identify TDMMA as

top/very high priority

Time Domain and Multi-
Messenger Astrophysics

O} M0} U 90t 5| Y : 2026-2035

The Decadal Survey for Korean Astronomy (2026-2035)

The Astro2020 Decadal Survey recommended an EZETN

Comprehensive Report

investment in Time Domain and Multi-Messenger
Astrophysics (TDAMM) as the top-priority sustaining
activity in space for the coming decade.

ot M Eok Z7|LUM A =l 2026-2035
7-3. P2(Z2 %k %, Very High Priority)

- L7120
SREeE YL S
Strategic Planning Committee of Korean Astronomical Society
2025.10
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Future of MMA Astrophysics Is coming
. We are ready to dive into future MMA
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