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Broader Perspective:

Supermassive Black Hole Mergers
Presence of Dark Matter and Dark Matter annihilation

Tomography of Dark Matter Profiles
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Conclusions

Recent pulsar timing array measurements of stochastic GW signal.
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TIMING RESIDUALS
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67 pulsars observed . observing ~ distance to pulsars up IPTA DR3 will contain
- by NG baseline of 15 yrs | to ~kpc . >100 pulsars

Animation by NSF | : ~ - . credits Keyi "Onyx" Li / NSF / NANOGray
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Agazie et al. [2306.16213
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https://arxiv.org/abs/2306.16213

NANOGrav:
68 pulsars, 16yr of data

~3-40 significance

EPTA + InPTA:
25 pulsars, 24yr of data

~30 signiticance
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History of the Universe

SMBHBs: simplest models of binary evolution struggle to explain the data

[NANOGrav 2306.16219)
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Compare observed spectrum (NG15) to theoretical expectation (holodeck)
= Assume SMBHBs on circular orbits and purely GW-driven orbital evolution
= 95 % regions barely touch — 20 tension between observations and theory

= GW-only evolution unable to bring binaries to the PTA band within a Hubble time




'GV\/—|
History of the Universe

Probing the Dark Matter density

with gravitational waves from

super-massive binary black holes
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History of the Universe

Pulsar Timing Arrays observe g 1 waves. A ing a power-l

_ = Ao (LY
= odmf = 4G hc(/)—Acw(,”A) .

they find 8 = —0.1 + 0.3 around fpra = 1/10yr ~ nHz and Qgwh? ~ 1077719,

Both roughly compatible with the astrophysical background, expected from in-
spiralling super-massive black hole binaries (SMBH) with masses M, 3 ~ 10 M,
at red-shift z £ 0.3, that predicts 3 = ~2/3 when free.

Any fundamental implication?
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History of the Universe

DM friction
Can app SMBH as N

:

circular

lativistic orbit,
2
Ladtr= G(M: + Ms)

)
o Power radiated via GW: Waw = 32Gp*w°r* /5, u = My My /(M) + M2).
o Power radiated via friction on (dark) matter: Wpa = 4xG* i’ ppmpl /v
where g ~ 1/2 is the fraction of DM slower than v, £ ~ 10 is an IR log.
It’s just Wpm ~ xb® 8v ppm with b~ Rsa,/|v — vpum| and v ~ vpy.
DM energy loss dominates at w < w,, around the observed range
3/11
Wer X GO/

lO’AI@ s/n pnn("u) 2/
g0.230ks ( 1] ) (0.4 Gev/ cm’)
Imposing E = —Wgw — Wpw, the

spectral slope in f = w/m(1 + 2) changes as:

DA
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History of the Universe

Tomography of the DM density?

DM demity pyarin)
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Galatic radun 1= Gravitationsl wave frequency [ in He
Expected DM dust density:

o From rotation curves at large r, e.g. ppyy = 0.4GeV/cm® in MW.
o poaae = i (ro/rupike)” with p = 1 from NFW.
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History of the Universe

Astrophysical uncertainties

Some washing out with BH masses in the expected range M ~ 10° "M :
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History of the Universe

Bound on the DM density

DM density ppu Ge in GeViem®

DM density could be probes via measurements in pulsar timing arrays.
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Impact of eecentric orbits (Chen+ (2024)):
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Summary:

> NANOGrav and other PTA data sees evidence of stochastic GW background
(SGWB). They could arsie from supermassive black hole mergers but simple
mergers does not match with the signal.

> astrophysical interpretation involves supermassive black holes with dynamical
friction and dark matter density.

> Assumming presence of DM profiles, a galaxy tomography of DM can be
performed by investigating the features in the SGWB.

> After our analysis NANOGrav carried out this investigation in more sophisticated

manner in Ref: 2411.05906 and various constraints wee obtained on DM physics
related to annihilation etc.



