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WIMP searches
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*Figure taken from arxiv:1709.00688



Challenges for sub-GeV DM

Low kinetic energy: v ~ 1073
K ~ 10 °m, < keV
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Challenges for sub-GeV DM

Low kinetic energy: v ~ 1077

K ~ 10
10+°8L C —r
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Dark photon portal
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Dark photon portal
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* Figure from US Cosmic Visions Report



Core-Collapse Supernova

Collapse vy, burst Kelvin—Helmholtz cooling
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* Figure from: G. Raffelt, “Stars as Laboratories for Fundamental
Physics” , 1996



Important effects

Must take into account

» Interactions are large, so dark matter is trapped inside
Supernova out to larger radii:
» Emits as a black-body (surface vs volume)
» Lower temperature

» Significant velocity spread — signal is significantly spread
in time



Velocity spread
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Velocity spread
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» Dark matter from SN1987a: still some years to get here

» Signal spread:
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Semi-relativistic DM

Dark matter from SN1987a: still some years to get here

Signal spread: 10-3 dilution

SN1987a not useful

Sensitive to older SN (potentially much closer)
Sensitive to diffuse background of older SN




Semi-relativistic DM

Dark matter from SN1987a: still some years to get here

Signal spread: 10-3 dilution

SN1987a not useful

Sensitive to older SN (potentially much closer)
Sensitive to diffuse background of older SN

Focus on galactic diffuse
background



Understanding Trapped Regime

Useful analogy with neutrino case

Other Flavors

vN < Nv

NN <> NNvv .
ete” & W _ Ffree
Ve <S> eV Streaming
Thermal Equilibrium Diffusion
\ //\\

N
Energy Sphere (ES) Transpor\@phere

Interactions that change
direction without significant
change in energy

Interactions that change
neutrino number and/or energy

Figure taken from: G. Raffelt astro-ph/0105250



Understanding Trapped Regime

» Ultimately described by a Boltzmann equation
» Reasonable results can be obtained using a “freeze-out”

calculation.

Freeze-out
In time

Rate ~ 1/timescale

e.g.
H ~ n{ov)

Freeze-out
In_space

Mean free path ~ typical distance

e.g.

n(r){o)



Freeze-out Picture
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Radial freeze-out

Freeze-out requirement:

No other interactions Diffusion

It takes (/\f—;fl) longer to cover Aann



Freeze-out calculation

Annihilation Sph /OO o 2/3
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Freeze-out calculation

Annihilation Sph /OO o 2/3
NnNiNnHation spnere. Tann — —
| TN \/)\a n)\T

n

Treat as a perfect black-body

1 O E2 . m2
o, =— | dE ( R
472 s el/T(rn) 41

N (MT)S/Qe—M/T

total flux but redistributes momenta according to the temperature in re

* Include the effect of the energy sphere by assuming it doesn’t change the



Computing the flux

Snapshot at 1.5 seconds post bounce
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Detecting DM flux

» Electron targets:
Ak’e ~ MMe VDM

Me
Oye X
Ly
» Nuclear targets
B, ~ 2
Ak, ~ 2p, r N~
_> mny
Oym X 72 .
Din ~ 17 MeV
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Preliminary sensitivity

Galactic diffuse Supernovae flux
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Conclusions

Supernovae can be a source of boosted dark sector particles.
Because of their large velocity, they are more easily detected
than the local dark matter population.

Some regions of parameter space might be probed by Xenon1T
and a large region will be tested in future Xe experiments.

Need to explore profile dependence.

We explored a minimal heavy dark photon portal scenario. This
analysis can be extended to a number of other dark sector
scenarios.



