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What are the implications of JWST AGNs?



What is the origin of the JWST SMBHSs?
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The universe growth at different levels of abstraction
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Growth beyond merger trees

* Applying the EPS formalism more directly to SMBH growth, i.e. a SMBH inside a halo
on average has had the same history as the average mass of the halo.

* We can track the differential growth by mergers for DM, gas, stars and SMBHs.
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Growth beyond merger trees
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Growth beyond merger trees

* The SMBH origin becomes the initial conditions to the solution to the coupled
differential equations

* We take into account the difference between hot and cold gas

Mg (M) = Mgy (M) + Mgy (Mpu, M) + Mggr " (Mpm, M),

M. (M) = M&es (M) + M3" (M),
Meoa(M) = feora(M) fpM — M, (M) — MEEY(M) — M5 (M) — Mags** (Mpy, M)
Miot(M) = frot(M)fpM + MEsied (M) — Mgy """ (Mpn, M)
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M3 (M, 2) =

Ejected gas by SN feedback
heated gas by AGN activity
Fits high-z UV luminosity function by

construction

the AGN activity also matches UV luminosity

functions

6.4 x 10-2[0.53 tanh (0.54(2.9 — z)) + 1.53]

(]\4/]\4<:ri1:)_1'2 + (]\4/]\4crit)0'5
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SMBH accretion

135 (Mpy, M) = min{frem.(M7 2) f(faccM + faccM), fEdd.MEdd.(MBH)}

* Sub-Eddington accretion of both hot and

471G Mgum, cold gas

€r0T

~ 2.2 X 10_3mBH(MBH)/Myr

Mgaq.(Mpn) =
* a term proportional to the baryon accretion

rate and another one proportional to the
gas content

 standard practice in SAMs
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Results and fits
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Results and fits

* All data points to a scaling
relation between the BH mass
and the halo mass at which these
seeds are planted,

* the heaviest SMBH do not
constraining seeding

* Local AGNs, (all pre JWST data),
points to a heavy seed scenario

* But JWST data strongly prefers
light-seed scenario.
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Results and fits

 All the data except the local
AGNs (gray) is compatible
with the light-seed scenario

 To fit to all the data an
intermediate scenario is
favored (purple)



Shortcoming

 All galactic mergers do not have to induce instantaneous mergers, especially for light
halos and SMBH

* nuclear star clusters around the SMBH can do the work

* DM only induced can also lead to short timescales although is more uncertain, only

©(0.1) of configurations lead to thigh binaries

* It has been suggested that JWST observations, which are x-ray opaque, might be
because they are accreting at super-Eddington rate, which implies lighter SMBH

* The implications of this will be explored in the arXiv version!



Propagation of GWs in a CDM universe



The dark timbre of gravitational waves
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Gravitational wave timbre, the relative amplitude and phase of the different harmonics, can
change due to interactions with low-mass halos. We focus on binaries in the LISA range and find
that the integrated lens effect of cold dark matter structures can be used to probe the existence of
M, < 10 M halos if a single binary with eccentricity e = 0.3 — 0.6 is detected with a signal-to-noise

m~J

ratio 100 — 10° and it is at zs = 0.5.

* Under peer review for PRL



Motvation to search for low mass DM halos
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GW microlensing

* GWs are coherent SOUrCcCS,

* wave optics effects induce

frequency dependent
variations

* imprints from haloes
M, < 10" M are
resolvable

\F|-1

https:/arxiv.org/pdf/2210.13436
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Whatis the problem then?

5 — (%c’ Ds9fGW)

8_ L R R | ' v v L L B 8f LR R | ] i 8_ LR B AL I A L T
- LISA | : ~ LISA | ; ; : LISA
71— M»-=107MO 1 ; 7:— M=2x105MO | ; i | M=2x105M® 1 Ymax
6F Diw=0.3Dq : 6: Di=03Dy 6 M,=10"M,
O 5:_ ; o 5:_ 0.7
S | 5 S
3 4t ] o 4 0.5
Q [ ] Q [
3t - 3F -0.3
2 i 2f 0.1
1t : 1t
5‘><110l4‘ li05 2x10°  5x10° 10 10° 106 107 108 0.1 02 03 04 05 0.6 0.7 0.8

M/M M,/M Dy./Dg1.

©

Juan Urrutia-KBFI 2024, PhD student



Whatis the problem then?

fow = 107 Hz
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Whatis the problem then?

https:/arxiv.org/pdf/2210.13436
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Whatis the problem then?

https:/arxiv.org/pdf/2210.13436

Tiny improvements
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Whatis the idea to overcome it?

The size of this volume is
limited by the physics of
wave optics not the
sensitivity

There is a halo mass
at which you have

IV, halos > 1
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Changes the “timbre” of the signal

* The timbre is the relative amplitude and phases between the harmonics

* is the reason why a piano and a violin sounds the same even when playing the
same note,

. h(f) — hr(£,0)]
* is the change in timber detectable? Ax" = 4min / af S(;)
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Changes the “timbre” of the signal
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We concluded that

* We have shown that the wave optics effects due to the low mass dark matter halos,

M, < 10 M, induce frequency-dependent changes in the amplitude and phase
of the harmonics, the timbre of the signal.

* This shifted timbre is detectable in the 7 dominant harmonics of the signal for
signal-to-noise ratios between 100 — 10° if the binary eccentricity is
e € (0.3,0.6). If such binaries exist, LISA could probe the shifted timbre.

* This would open a new avenue to test low-mass dark matter halos which would
revolutionize our understanding of DM
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