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Reality Check
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Galaxy Rotation Curve
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ULTRALIGHT
DARK MATTER

PRIMORDIAL
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How can we detect Dark Matter ?

2 Gregory Kogan, All nights reserved GagCartoons.com

“That isn t dark matter, sir—yvou jusi forgol to lake off the lens cap.”
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BLACK HOLES

ULTRALIGHT
DARK MATTER
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Dark Matter-electron scattering status
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Dark Matter-electron scattering status
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Dark Matter-electron scattering status
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So whats the solution ?

XenonlT

Exposure: ~ 22 tonne-day

Fig.: APS/Alan Stonebraker



So whats the solution ?

XenonlT The Sun

Exposure: ~ 22 tonne-day ~ 1028 tonne-Gyr

Fig.: APS/Alan Stonebraker Fig.: https://svs.gsfc.nasa.gov/10610



Can we use the Sun as our DM detector ¢



Our Proposal

lceCube

https://skyandtelescope.org/wp-content/uploads/IceCube-detection_300px.jpg



Our Proposal

This enables us to probe new regions of parameter
space for DM-electron scattering !

lceCube

https://skyandtelescope.org/wp-content/uploads/IceCube-detection_300px.jpg



Dark Matter capture in the Sun
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the Sun

See Kopp et al. (0907.3159), Garani et al. (1702.0276%)

Ne(T) = Number density of Solar electrons

Px = DM density at Solar neighbourhood
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Captured Dark Matter annihilation
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Neutrino flux at terrestrial detectors

Flux of these neutrinos at a ground-based detector,

Annibhilation rate of DM
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Neutrino flux at terrestrial detectors

Flux of these neutrinos at a ground-based detector,

Annibhilation rate of DM
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Neutrino flux at terrestrial detectors

Flux of these neutrinos at a ground-based detector,
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Neutrino flux at terrestrial detectors

Flux of these neutrinos at a ground-based detector,
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Neutrino detection by IceCube and DeepCore

lceCube Lab
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Neutrino detection by IceCube and DeepCore

lceCube Lab
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Neutrino detection by IceCube and DeepCore
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Hunting Primordial Black Hole Dark Matter
in
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PRIMORDIAL
BLACK HOLES

ULTRALIGHT
DARK MATTER
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Evaporating PBH

Temperature of BH:

ITppy =

hc3 ( V1—a?

47TGMPBH

Evaporation spectrum :

d*N; Z i(E, MpBH, ax)
dEdt 27rh ¢E'/kTper + ]




Evaporating PBH

k?“<<$"

Temperature of BH: Spin parameter
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How to detect PBHs ?
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How to detect PBHs ?
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Thermal and lonization history
of intergalactic medium (IGM)

https://clipart.world/thermometer-clipart/cartoon-hot-thermometer-clipart/



IGM temperature evolution with PBH DM
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We need a thermometer to know
the temperature of IGM

https://clipart.world/thermometer-clipart/cartoon-hot-thermometer-clipart/



We need a thermometer to know
the temperature of IGM

!

Lyman-a forest

"

https://clipart.world/thermometer-clipart/cartoon-hot-thermometer-clipart/



What is Lyman-a forest ?




Lyman-a transition of hydrogen

Years after the Big Bang
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Basic Idea
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Basic Idea
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Basic Idea
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Basic Idea

FLux

e —
https://www.istockphoto.com/vect l >

or/telescope-vector



Lyman-a forest
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Lyman-a forest as a probe of PBH DM

FLux




Lyman-a forest as a probe of PBH DM

The width of the
absorption lines is
N sensitive to IGM
’[‘ Excess heating temperature |
F Lux

Evaporating
low-mass PBH DM can
provide this excess
heating




IGM temperature evolution

T,,:IGM temperature

dT,, dTy)  dT; — dTEBY
dt  dt  dt = dt
Standard I Exotic heating
Photoheating due due to PBH

to reionization

Obtained using DarkHistory (1904-.09296)
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IGM temperature from Lyman-a forest

Obtained from hydrodynamical
simulations and the existing

Lyman-a forest datasets (BOSS,
HIRES, MKE etc.)

Credit: Ethan Tweedie Photography/W. M. Keck Observatory
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Lyman-a forest bounds on PBH DM

3 AKS, Priyank Parashari,
1 Abhijeet Singh
01 and Ran jan Laha
(work in progress)
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Conclusion

Due to DM-electron scattering, local DM particles can get captured inside the
Sun.

These captured DM particles can annihilate and produce neutrinos that can
be detected by terrestrial experiments like lceCube, DeepCore. Using the
latest data-sets from these experiments we obtain world-leading bounds
on DM-electron scattering cross-section.

If DM is in form of evaporating PBHs, they can affect the temperature of
IGM

Using existing Lyman-a forest datasets, we put strong limits on the
fraction of DM made up of PBH DM.



Conclusion

Due to DM-electron scattering, local DM particles can get captured inside the
Sun.

These captured DM particles can annihilate and produce neutrinos that can
be detected by terrestrial experiments like lceCube, DeepCore. Using the
latest data-sets from these experiments we obtain world-leading bounds
on DM-electron scattering cross-section.

If DM is in form of evaporating PBHs, they can affect the temperature of
IGM

Using existing Lyman-a forest datasets, we put strong limits on the
fraction of DM made up of PBH DM.

Thank You
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Target materials for electron recoils!?

mass
Type Examples threshold AE
Noble liquid xenon ~5MeV |[~10eV
Semiconductor silicon ~500 keV | ~1 eV
iy gallium- | y
Scintillator SEEATE 500 keV | ~1 eV
Many other SUDSIEE,TSSE{WS, various | various
ideas Dirac materials, (> keV) (> mev)

polar crystals

Hochberg, Kahn, Lisanti, Tully, Zurek

Hochberg, Zhao, Zurek

Hochberg, Pyle, Zhao, Zurek

Hochberg, Lin, Zurek

Hochberg, Kahn, Lisanti, Zurek, Grushin, llan, Griffin, Liu, VWeber, Neaton

Knapen, Lin, Pyle, Zurek
Griffin, Knapen, Lin, Zurek

Slide credit: Rouven Essig



Other final states
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Thermalization timescale
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Captured Dark Matter annihilation

Neutrino trapping in
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Neutrino signatures at IceCube and DeepCore

Cascade
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Propagation of Neutrinos inside the Sun
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Fig: MacGibbon et al. (1990)
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Fig: Alexandre Arbey (ICHEP 2022)
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IGM ionization evolution

x y : lonized hydrogen fraction

(0) * PBH
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— | |

dt dt dt dt
Standard Exotic ionization
Photoionization due to PBH

due to reionization
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Thermal broadening

Gas particles at rest o ) . )
Emission line spectrum with narrow lines

Emission line spectrum with thermal line broadening

Gas particles with
random motions
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Fig: https://astronomy.swin.edu.au/cosmos
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Lyman-a forest
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Lyman-a forest
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Electroweak Bremsstrahlung
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Fig. credit: Mathieu Pellen



