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Reality Check



Galaxy Rotation Curve
https://w

ritescience.files.w
ordpress.com

/2015/05/galaxyrotationcurve.jpg

 X-ray: NASA/CXC/CfA/M.Markevitch et al.; Optical: NASA/STScI; Magellan/U.Arizona/D.Clowe et al.; Lensing Map: NASA/STScI; ESO WFI; Magellan/U.Arizona/D.Clowe et al.

Bullet Cluster (1E 0657-56)
CMB

ESA and the Planck Collaboration



https://www.colorado.edu/project/dark-ages-polarimeter-
pathfinder/factsheet

Source: Quanta Magazine



How can we detect Dark Matter ?



Dark Matter detection

Indirect Detection Direct Detection Collider Search Astrophysical Search 
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https://www.colorado.edu/project/dark-ages-polarimeter-
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Source: Quanta Magazine



Dark Matter-electron scattering status

Rouven Essig, Mainz (2019)

Fig.: 2302.02372



Dark Matter-electron scattering status

Talk by 
Samuel L. Watkins,
IDM 2024



Dark Matter-electron scattering status

Rouven Essig, Mainz (2019)

Is there a way to probe 
lower cross-sections ?



Fig.:  APS/Alan Stonebraker

~ 22 tonne-day 

Xenon1T

So whats the solution ?

Exposure:



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

~ 22 tonne-day ~ 1028 tonne-Gyr

Xenon1T The Sun

So whats the solution ?

Exposure:



Can we use the Sun as our DM detector ?



IceCube

Our Proposal

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



IceCube

Our Proposal

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

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



Dark Matter capture in the Sun

Total number of Solar 
electrons Incident DM flux Capture probabilityCapture rate 

of DM inside 
the Sun

Number density of Solar electrons

DM density at Solar neighbourhood

Mass of DM particle

DM velocity distribution at Solar position
DM-electron cross-section

See Kopp et al. (0907.3159), Garani et al. (1702.02768)



Captured Dark Matter annihilation

Captured DM 
particles

These can 
escape from 

the Sun

Fig: https://fermi.gsfc.nasa.gov/science/eteu/dm/



Neutrino flux at terrestrial detectors

Flux of these neutrinos at a ground-based detector,

Sun-earth distance

Neutrino spectra 
per DM 

annihilation

Annihilation rate of DM
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For our range of parameters the DM capture and annihilation rates are in 
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Fig. credit: IceCube Collaboration

Neutrino detection by IceCube and DeepCore

Photo: R. Schwarz



Fig. credit: Kunal Deoskar

Fig. credit: IceCube Collaboration

Neutrino detection by IceCube and DeepCore

Photo: R. Schwarz



Signal

Background

Neutrino detection by IceCube and DeepCore

Background

Signal



Our result

Previous limits in the 
parameter space



Our result

Tarak Nath Maity, 
AKS, Sagnik Mondal, 
and Ranjan Laha
(arXiv: 2308.12336)



Hunting Primordial Black Hole Dark Matter 
in 

Lyman-α forest

Akash Kumar Saha

Based on an 
ongoing work
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https://www.colorado.edu/project/dark-ages-polarimeter-
pathfinder/factsheet

Source: Quanta Magazine



Evaporating PBH

Temperature of BH :

Evaporation  spectrum :

Spin parameter

Mass of BH



Evaporating PBH

Temperature of BH :

Evaporation  spectrum :

Spin parameter

Mass of BH

Greybody factor

Total energy of emitted particles taking into 
account BH rotational velocity



How to detect PBHs ?

https://stock.adobe.com/in/search/images?k=cartoon%20looking%20through%20telescope



Hawking Evaporation

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

How to detect PBHs ?

Thermal and Ionization history 
of intergalactic medium (IGM)



IGM temperature evolution with PBH DM

Obtained using 
DarkHistory 
(1904.09296)



We need a thermometer to know 
the temperature of IGM 

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



!!
Lyman-α forest

We need a thermometer to know 
the temperature of IGM 

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



What is Lyman-α forest  ?

https://www.pinterest.com/pin/855895104162710463/



Lyman-α transition of hydrogen 

https://w.astro.berkeley.edu/~jcohn/lya.html

https://sciencesprings.wordpress.com/2017/02/07/from-symmetry-what-
ended-the-dark-ages-of-the-universe/



https://www.istockphoto.com/vect
or/telescope-vector

z = 6Basic Idea



https://www.istockphoto.com/vect
or/telescope-vector

z = 6z = 6

1216 Å

Basic Idea



https://www.istockphoto.com/vect
or/telescope-vector

z = 6z = 6z = 3

1216 Å

Basic Idea



https://www.istockphoto.com/vect
or/telescope-vector

z = 6z = 6z = 3z = 1

1216 Å

Basic Idea



https://astro.ucla.edu/~wright/Lyman
-alpha-forest.html

 Lyman-α forest 



 Lyman-α forest as a probe of PBH DM



 Lyman-α forest as a probe of PBH DM

Excess heating

Evaporating 
low-mass PBH DM can 
provide this excess 
heating

The width of the 
absorption lines is 
sensitive to IGM 
temperature !



 IGM temperature evolution

Standard 
Photoheating due 
to reionization 

Exotic heating 
due to PBH

Tm : IGM temperature

Obtained using DarkHistory (1904.09296)



 IGM temperature evolution
Obtained 
using 
DarkHistory 
(1904.09296)



 IGM temperature from Lyman-α forest 

Obtained from hydrodynamical 
simulations and the existing 
Lyman-α forest datasets (BOSS, 
HIRES, MIKE etc.)

Credit: Ethan Tweedie Photography/W. M. Keck Observatory



  Lyman-α forest bounds on PBH DM
AKS, Priyank Parashari, 
Abhijeet Singh
 and Ranjan Laha
(work in progress)

Nonspinning 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 IceCube, 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-α forest datasets, we put strong limits on the 
fraction of DM made up of PBH DM.



Conclusion

Thank You

• 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 IceCube, 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-α forest datasets, we put strong limits on the 
fraction of DM made up of PBH DM.
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  Lyman-α forest bounds on PBH DM
AKS, Priyank Parashari, 
Abhijeet Singh
 and Ranjan Laha
(work in progress)

Spinning PBH DM



Slide credit: Rouven Essig



 Other final states



Equilibrium timescale



Thermalization timescale



Captured Dark Matter annihilation

Neutrino trapping in 
dense solar medium

Tau regeneration

Neutrino oscillation

(arXiv: 2112.13804)

Neutrinos 
produced inside 

the Sun

χaron
nuSQuIDS

(arXiv: 2007.15010)



arXiv: 
1612.05949

Leading limits for SD 
DM-proton interaction

arXiv: 
2111.09970



Neutrino signatures at IceCube and DeepCore

Track

Cascade

https://www.sciencealert.com/images/2019-10 https://nbi.ku.dk/english/researc
h



Propagation of Neutrinos inside the Sun



Our result

Tarak Nath Maity, 
AKS, Sagnik Mondal, 
and Ranjan Laha
(arXiv: 2308.12336)
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Fig: MacGibbon et al. (1990)



Fig: Alexandre Arbey (ICHEP 2022)



 IGM ionization evolution

Standard 
Photoionization 
due to reionization 

Exotic ionization 
due to PBH

x HII : Ionized hydrogen fraction



 IGM ionization evolution



Thermal broadening

Fig: https://astronomy.swin.edu.au/cosmos



 Lyman-α forest 

https://astro.ucla.edu/~wright/Lyman
-alpha-forest.html



 Lyman-α forest 

Deep 
absorption lines

Shallow 
absorption lines

https://astro.ucla.edu/~wright/Lyman
-alpha-forest.html



Fig: 1807.06209



Fig. credit: Mathieu Pellen

Electroweak Bremsstrahlung


