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In this Talk

M Gaia: Stellar Wakes
O Probing DM halo substructure

M Fermi-LAT / GBM: Femtolensing of GRBs
O Constraints on Primordial Black Holes

M LIGO / VIRGO: Modified Binary Inspirals
O Can dark sector forces cause deviations from GR predictions?
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Gaia
“Stellar Wakes” Probe the DM Halo
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Dark Matter Clustering Across the Scales

Cosmic Web
~ GpcC

Galaxy Cluster

~ Mpc
P Galaxy

~ 100 kpc

Dwarf Galaxy
~kpc, ~109 Mo Unknown
<109 Mo
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Stellar Wakes
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Stellar Wakes

—o0 km/s < v, < 0o km/s 150 km/s < v, < oo km/s
7z=0 0:5 - 7z=0 L

[ Perturbations of stellar S
phase space distribution ;'
by passing DM subhalo 0%
[ Detectable in Gaia S
0.03

Buschmann JK Safdi Wu 0,00

arXiv:1711.03554

Q rrisma @ er A



https://arxiv.org/abs/1711.03554

Analytic Treatment

[ Collisionless Boltzmann Equation for 6D phase space distribution

[ Perturbative treatment
f(fv 277 t) — f()(ﬂ) + fl(fa ?77 t)

[ Leading order Boltzmann Equation:

0 ~ . .
8";1 T Vafi = Va® - Vo /o

Q rrisma @ er C




Analytic Treatment

M Leading order Boltzmann Equation:

0 - = S
8{;1 - U - va:fl — va:q) ' vafO

[ Solution (proof via Fourier Transformation)

o dur ~
£1(# ) = / WS () Vo fol)

U2 L.

[ Closed form solution for

O Maxwell-Boltzmann-like f(V)
O Plummer sphere potential for @(y)
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Statistical Analysis
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Statistical Analysis

[ Likelihood function

Nstar

pldIM, ©) = e Nt @) T T f(Z,3,)(O)

k=1
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Statistical Analysis

[ Likelihood function

Model and
Model Parameters
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Statistical Analysis

[ Likelihood function

Nstar

pldM, ) = e Newar @) T T f(Z, 1) (O)

k=1
[ Test Statistic

A(M.y) = 2| max log p(d| M, 6) — max log p(d| M, ©)]
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15

likelihood profile A(Mg,)

MC: no subhalo
“+uncertainties @ 5 kpc

10~
0 — MC: My, =2 x 10" M,
“+uncertainties @ 5 kpc
— Asimov: no subhalo
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subhalo mass My, [M)]
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Fermi-LAT / GBM
GRB Femtolensing by Primordial Black Holes
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www.spacetelescope.org


https://www.spacetelescope.org/videos/hubblecast70c/
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Gravitational Lensing
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Gravitational Lensing
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Femtolensing
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Femtolensing
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Femtolensing

/o

pparent posu on

Interference
between images

A _ AlezEtl 4+ A262Et2
Images not resolved

/ expect wiggles in energy spectrum
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Femtolensing

Energy E [keV] (for M=10""M_, z;=1)
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Femtolensing

Energy E [keV] (for M=10""M_, z;=1)
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Femtolensing
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Femtolensing
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Further Corrections

Energy E [keV] (for M=10""M_, z;=1)
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Further Corrections

Energy E [keV] (for M=10""M_, z;=1)
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Further Corrections

Energy E [keV] (for M=10""M_, z;=1)

| L e 10! 10°
) & - ”/ oy, =0.1 eo.14><10\9\é "M:10—15M®,DLSDS/DL~Gpc]ﬁ
4 A ,
Y. “ ----0y=052068x10"cm
V4 W ——0,=10214x10°cm
/ (F]T_ f) \‘\\\ \:\ - 2.0 £27X QQC
- e P T
GRBs are not pointlike
small phase difference between photons B
emitted at different points across the GRB |
<10
>
0.5 | point—like lens
7 ~ize source

Wash-out of interference pattern
Katz JK Sib sensitivity severely degraded
arXiv:1807.1

Q rrisma @ er C



https://arxiv.org/abs/1807.11495

Sensitivity Estimates
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Sensitivity Estimates
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Sensitivity Estimates
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Sensitivity Estimates
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Sensitivity Estimates
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PBH Parameter Space
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PBH Parameter Space

No limits
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PBH Parameter Space
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PBH Parameter Space

No limits
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LIGO / VIRGO

Probing Dark Sector Forces in Binary Inspirals
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Gravitational Wave Astronomy

has finally begun!

@ PRISMA @ er ;




Probing Dark Sectors in Binary Inspirals

M GW waveform predicted precisely by GR

M Imagine dark gauge boson A’coupled to neutron stars

O Either to neutrons (e.g. U(1)5)
O or to Dark Matter inside the neutron star

M Expect modified force once d < 1/Ma

M Moreover: energy loss due to A’radiation

Croon Nelson Sun Walker Xianyu
arxiv:1711.02096
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Probing Dark Sectors in Binary Inspirals
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[ Can neutron stars contain enough dark matter?

M Will it stay inside during the inspiral?

Laha JK Opferkuch Shepherd
arXiv:1807.02527
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Case 1: Repulsive Force

dark matter mass fraction My / M
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Laha JK Opferkuch Shepherd arXiv:1807.02527
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Case 1: Repulsive Force
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Case 1: Repulsive Force
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Case 1: Repulsive Force
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Case 1: Repulsive Force
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Case 1: Repulsive Force
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Case 1: Repulsive Force

Repulsive dark force
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Dark matter mass fraction M, /M,

@ PRiISMA
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Case 2: Attractive Force
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Case 2: Attractive Force
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Case 2: Attractive Force
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Case 2: Attractive Force
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Case 1: Repulsive Force

Attractive dark force
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Case 1: Repulsive Force
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Constraints on Particle Physics Parameters
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M Gaia: Stellar Wakes

O Passing DM subhalos perturb siellar phase space distribution
O Potentially observable down to Msh ~ 107 Mo

M Fermi-LAT / GBM: Femtolensing of GRBs

O Passing PBH causes interference pattern in GRB spectrum
O no current bounds because GRBs are not pointlike

M LIGO / VIRGO: Modified Binary Inspirals

O Probably no observable signals from dark sector forces
O except for exotic DM core production mechanisms
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