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Turbulent density, temperature > fluctuating refractive index
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How noisy is the atmosphere?

Turbulent density, temperature > fluctuating refractive index > time-dependent deflections > astrometric noise
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How noisy is the atmosphere?

Turbulent density, temperature > fluctuating refractive index > time-dependent deflections > astrometric noise
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How noisy is spacetime?’

Frequency, v [Hz|

Matter fluctuations (halos) > fluctuating gravitational potential > time-dependent deflections > astrometric noise
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Magnified Stochastic Lensing Noise
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Stochastic, Weak, Astrometric Lensing from Halos
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Stochastic, Weak, Astrometric Lensing from Halos

Single halo deflection:

2
a(l)(g) — / (d k &(k) e—ik-(O—OL)

27r)?
~ DLS 271 ~
k)= AGM;, — k F(k
(k) = 1B 4G, = K (k)
> 4 Tr,
F(k’YL): ; d:E‘Jl(:L’) ML M E

Incoherent, random-walk deflections:

(0,(8) a;(0')) = / 4Dy, D? / 426, n1, o) (0) 0V (8')

Power spectral density:

~1 I oI ’{iel%l,L > [ Wl

w) uf RIS

QI _ 1 + CQCI CQ¢ SQCI CQ¢ o
i Sch C2¢ 1 — CQCI C2¢




pas]

5055

Stochastic

B1422+231 A.,B image-pair separation,

best-fit linear motion removed
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Lensing-induced Stochastic Noise
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Outline

1. Motivation

Small-scale structure as a probe of DM microphysics and primordial curvature

2. Sl gnat ure [KVT, D.E. Kaplan; 2608.27557]

Excess time-dependent astrometric lensing noise, magnified in multiply imaged quasars

3. Sensitivity Forecast A. Moran, KVT; 2608.27577]
Acceleration and stochastic observables; instrumental, intrinsic, stellar backgrounds

Amplitude interferometry, Gaia DR3, HST, JWST

[KVT, M. Baryakhtar, M. Galanis, N. Weiner; arXiv:2307.03221]
5. Future Data M. Galanis, KVT, M. Baryakhtar, N. Weiner; arXiv:2307.06989]

Intensity interferometry + EPIC



Astrometric Observables

Time-series datas: HI(tl), Hl(tg), . HI(tN) with std osp

Fourier power: calculate DFT at freqs w,, = 2mn/7 with 7 =ty — t;

Acceleration: fit 0,(t) = 9(1)77; + éé,it + éé)itz/Z + O(t°)
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Non-linear Matter Power Spectrum Sensitivity

1011 é Te N\ \ TR
] strong lensing —— clumps: fsub = 0.1, ps = 1 Mg pc?
T _ —— linear ACDM —— stochastic, galaxy lens (0.1 pas) 4
] ~~—- linear, WIMP cutoft —— acceleration, galaxy lens (0.1 pas) i
- == non-linear (halofit) — —- stochastic, cluster lens (1 uas) I
e 10 E non-linear halos (pure CDM) — — - acceleration, cluster lens (1 pas) ::
CE] ] = non-linear halos (WIMP) ... stochastic, lens-bound (0.1 pas) )
; 108 {1 — DPrompt cusps, cosmic mean (Tka = 30MeV)  .enns acceleration, lens-bound (0.1 pas) r
- : prompt cusps, lens-bound (7Tka = 10 MeV) —— B1422+231 lens subhalos (fsup = 0.1) s
S : -
- 107 7
2 : "o, -
. F;
= 10 ;
Ao "
< 5 | | lens-bound
= 10° 3 | subhalos
-
e
5 107
2 3
0
_ ]
QB) 103 3 measured:
Q CMB, LSS, Ly-«
s ]
- 9 _
e -
g :
10"
100 - | | | | | | | |
= 107 10” 10° 10” 107 107/° 107° 1071
halo mass (linear) M (k) =/25p,, o(7/k)* [Mg]
10~1 l BRALL

10~ 1071 10Y 10* 107 10° 10% 10° 10° 107 108 10° 1019
wavenumber k |h/Mpc]



Stellar Microlensing Background

Real space images
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m; = 0.4Mg), Osep = 2.07 pias

Stellar Microlensing Background

Real space images
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Stellar Microlensing Background
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Small-scale structure as a probe of DM microphysics and primordial curvature
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Excess time-dependent astrometric lensing noise, magnified in multiply imaged quasars
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Acceleration and stochastic observables; instrumental, intrinsic, stellar backgrounds

Amplitude interferometry, Gaia DR3, HST, JWST
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Intensity interferometry + EPIC
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How to get sub-microarcsecond precision?

B1422+231 A.,B image-pair separation,
best-fit linear motion removed
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(W) Intensity Correlations
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Extended-Path Intensity Correlation (EPIC)
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Future Phases of EPIC

Astrometric Performance on two Sun-like stars at 100 pc

D o R nam | 050 |pas| oy |arcsec] oap |arcsec
Phase 1 4m J30ps 9,000 | 22.3 5.24 0.164
Phase II | 10m 10ps 10,000 | 1.46 L.75 0.327
Phase ITT | 10m  3ps 20,000 10 | 0.0564 0.524 0.656
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Atmospheric Aberrations
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Atmospheric Aberrations
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1

QUASAR Project

528 x 16-pixel SPAD, o; = 5ps

[Roland Walter]



Conclusions

dark matter substructure at sub-stellar masses

uncovered by
sub-pas resolution and even better differential light-centroiding precision

on multiply imaged quasar images separated by less than a few arcseconds

“Let us then consider some of the immediate programmes which a more
sensitive intensity interferometer might tackle, bearing in mind that the
- - most important results of research may well prove to be those which one
4 ly cannot foresee.”

kB ¥ ! — Hanbury Brown, 1974




Back-up Slides



(56’.(I)/,q> [(,uas/yrz)2}

0,p

-

largest eigenvalue of <(56’

10_4?

(-
-

ot

Lensing-induced Acceleration

J1029+2623 : fup = 0.1, ps = 1 My /pc3, veg = [390,390] km /s

survey
7= 10yr
N = 300

o590 = 1 pas

)

I.LI' =B,C; p, = 10 M /pc’

107°




Lensing-induced Stochastic Noise

2Jl()29+2623 [=C: fon =0.1, p, =10Ms/pc’, veg = [390,390] km /s

10
10% -

100?

10_3€

104
101

survey
T =10yr

N = 300

Os50 = 1 p1as

10*



