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Clear Signal Sheds Light on Black Holes

©

£ When two black holes (BHs) collide and merge, they release gravitational waves. These

;: waves can be detected by sensitive instruments on Earth, allowing scientists to determine

% the mass and spin of the BHs. The clearest BH merger signal yet, named GW250114,

§ _10. m ;H.(\li,',‘,:] T, ] i | recorded by LIGO in January 2025, offers new insights into these mysterious cosmic giants.
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= N > A fleeting secondary tone was detected in the signal,
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Excitingly, the mass and spin values from this overtone
Kerr ‘7‘\3 V4 7 F— é: oi\ IEI% L"C 75 % 7“»7 4 7 F—=ILD matched those from the fundamental tone. If they had
= - S . differed, it would imply that additional properties are
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%E’% Ci N KerrBH N }EE & % ﬁ%ﬂi 7L\ J: Z) at least for this BH — no other details are needed.

Hawklng@ “E%ﬁ@” D %% ‘\7.‘ A ]\ Forever Growing

The signal also tested Hawking’s area theorem, which Surface area

%% O) fH_J‘ .I'ZE O) @% b ﬁ L 7‘; 2 (al'ea theorem) & 73 ‘7 states that a BH's surface area can never decre;se —  aftermerger..
Hawking O) ? = % O) 'f_‘ J: D *H ﬁ? ,z; ﬁ% = it can only grow. Surface area of a BH is determined by
= ~ — = 75 L =] p4 [T . . . .

the area of its event horizon and is proportional to the
N . square of the BH’s mass. Comparing the BHs before \ _
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LIGO Cosmic Explorer Timeline

i %"Wl*“?ﬂw"\/\,»fﬂ“.r‘\f W\JN ’[ i

SEPTEMBER 14, 2015

Stefan Ballmer @ 2025 LVK

. . LIGO A# Cosmic Explorer
@ Plan for Project evolution :
. 4 km long arms 40 km and maybe 20 km long arms
O Conceptual Design (3+years) °
.. . 1.5 MW arm power 1.5 MW arm power

O  Preliminary Design ~$75M (2-3 years)

. . 10 dB frequency dependent SQZ 10 dB frequency dependent SQZ
O Final Design ~$100M (2 years)

. 100 kg fused silica test mass 440 kg fused silica test mass
O Construction ~$1-2B (5 years)
. 9 Redesigned QUADs, 160 cm total length, Nominally QUADs, 4 m total length, ~2000 kg

O Operations ~$60M / year (50 years ) 400 kg total mass, 1.6 GPa fiber stress total mass, 1.6 GPa fiber stress
O DecommlsSlonlng/DlveStment 2x reduction in CTN over A+ coating goal A+ coating goal

Improved seismic isolation Improved seismic isolation

2 suppression of Rayleigh wave Newtonian 10x suppression of Rayleigh wave Newtonian
noise noise

Partnership & Relationship-Building

Horizon : - Community Facili
Study Site Evaluation Construction & Operatt‘{ons ty

: Commissionin
==
7 2 2 2

CDR gjte PDR FDR
selected

2020 2025 2030 mid-2030s

NSF RIG: https://www.nsf.gov/publications/pub summ.jsp?ods key=nsf21107 32
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The Gravitational Wave Spectrum
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