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Search for Dark matter  is 
basically finding Lamp Post !

   

•  Need guess work.  Because we don’t know what it interacts with. 

• WIMP Miracle is one such lamp post!  Predicts DM is cold(heavy) 

• Cosmology puts robust constraints on DM and may even help us 
design NEW lamp posts if DM is not  cold WIMP.              
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Hubble expansion saves us !

mass~ 100 GeV 
coupling~ 0.6
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STATUS OF WIMP ? ( NOT SO GOOD)
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: Model Independent limits: 

Warm / hot           Cold  
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: Model Independent limits: 

1605.03928
 (From  CMB alone)   J. Lesgourgues et al.

(CMB + reionization)  D. Schwarz et al.

For Decaying DM 

For DM having extra interaction in dark sector 



What can astrophysics tell about DM?Evolution of density  fluctuation
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Cold DM power spectra

CDM + neutrino 
power spectra
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Transfer function T(k): contains same information as P(k) 
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What is the clustering behavior of dark matter to the 
smallest scales?

Hot

Warm

Cold
21 cm 

Planck
cannot deviate from CDM in 

large scale
SDSS/ Ly-alpha

Galaxy, 
dSpH

highly non-linear

Smaller scales



Canonical Cold Dark Matter

WIMP CDM 
kc ~ 106 h /Mpc

(Zaldarriaga & Loeb 2006)10
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Transition from hot / warm to CDM  

Can be controlled by mass  m ~ T. 
This is case of well known keV WDM

Can be controlled by New Physics   
            between BBN and CMB : Axion like particle

Similar effect on P(k)  possible through  
      dark acoustic oscillation DAO between CDM and DR
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Constraints on Sterile neutrino WDM 

                Thermal WDM : keV particle like thermalised neutrino 

            Produced  later through  active -sterile oscillation: 
Dodelson-Widrow / Shi-Fuller mechanism

Mapping between two case

Thermal Resonant 

arxiv:1403.0954, PRL by Kevork Abazajian  

1.6 keV

2 keV
2.9 keV

  4.6 keV
7 keV
8 keV



Mass of DM?
All of these mass below give the same cosmological DM density.

• If DM mass is 100 GeV -  1 particle @ tea cup
• If DM mass is  keV -  100 million  particle @ tea cup
• If DM mass is  neutrino like  -  100 billions  particle @ tea cup
All are ok to give exact DM abundance  but …N-body simulation
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simulation of WDM vs CDM..

Sweet spot : Lyman alpha

Some facts about WDM simulation

N-body Simulation is very sensitive  to WDM 
mass. Eventually , WDM is a too much of a 
good thing, over suppressing dwarf galaxy 
scale. 

m_wdm = 0.8 keV  ruled out by .        
m_wdm = 1.7 keV -2 keV  is sweet spot of 
N-body simulation. But might be in tension 
with    Ly-alpha experiments.

Cusp vs core may be resolved. But core size 
is  smaller in WDM simulation.

10 �
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SMOKING GUN  for WDM ? 2014

Sattelite x-ray telescope : XMM-Newton

Has found an un-identified line
 at 3.5 keV from Andromeda 

galaxy and persius galaxy cluster.  
(Absent in blank sky data set.. but also in 

Vergo not found)

Possible explanation
Non-thermal sterile neutrino 7 keV WDM  decay to two 3.5 keV 

xray photon.
arXiv:1403.0954,PRL, Kevork 

Abzajian
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Decay  signal depends on density. 
Annihilation depends on density^2

Decay vs annihilation
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Transition from hot / warm to CDM  

Can be controlled by mass  m ~ T. 
This is case of well known keV WDM

Similar effect on P(k)  possible through  
      dark acoustic oscillation DAO between CDM and DR

Can be controlled by New Physics   
            between BBN and CMB : Axion like particle 

/ Late forming DM
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On the  Mass of Dark matter particle !

All of the masses below give correct relic density
• If DM mass is 100 GeV -  1 particle @ tea cup  ( challenged by density profile)
• If DM mass is  keV -  100 million  particle @ tea cup ( a part got  ruled out) 

• If DM mass is  neutrino like  -  100 billions  particle @ tea cup ( Ruled Out)

Scalar DM ( Axion / axion like particle) 

m_a ~ 10^-21 eV  (  de Broglie wavelength 1 Kpc)
Cold fuzzy DM ( Lam Hui , E Witten 2016, M Kamionkowski et al. 2017

                            SD, S Sethi, A Sarkar, D Marsh 2017) 

gravity wave+
Spectral distortion
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@ m_a = 3H , starts to oscillate 
Behaves like CDM. 

For m_a ~ 10^-21 eV (Late 

Also solves core-cusp issue  
due to quantum pressure

m_a ~ T^2 /m_pl
vs

m_wdm ~ T
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Radiation to matter transition:

is enough
eV sterile states can hide 

 from Planck

Dark matter from light sterile neutrino nuggets

Idea: Instability in MaVaN  dark energy 
( Zaldariaga and afshordi)



Signature of new physics in p(k)
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• If  a relativistic fluid ( dark radiation) transits to CDM state at 
redshift z_f ( SD, Neal Weiner PRD,2011,  M kamionkowski 2008)

• If CDM interacts with dark radiation  ( B Dasgupta 2015)

• String axiverse ( ULA).  Controlled by mass m_a ~ H.  From C.C 
to dark matter transition (  Avnirtaki, D. Marsh (2016),  Lam Hui, Ed. Witten,2016)



z=0,1,3
Almost all the oscillations  

are erased due to non-linear 
 effects.  

Thats why SDSS at local redshift not 
effective

BUT ( early epoch)High redshift 21 cm signal ( z= 7-10) 
will probe this features  with linear power spectra.

Caveat !  

Small scales perturbation evolve  till today and become highly non-linear  
from z= 3 or 4 onwards! 

 

SD, Corasaniti, Agarwal 
PRD, 2015

N-body simulation
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High redhsift 
oscillations 

are  not erased as
non-linearity yet to 

kick in!

In collaboration with Marc Kamionkowski (JHU) and Shiv Sethi (RRI) and Adrienne 
(UNC, Chapel Hill)

Importance of  SKA for dark matter search! 
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Transition from hot / warm to CDM  

Can be controlled by mass  m ~ T. 
This is case of well known keV WDM

Can be controlled by New Physics   
            between BBN and CMB : Axion like particle 

/ Late forming DM

Similar effect on P(k)  possible through  
      dark acoustic oscillation DAO between CDM and DR
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Transition from hot / warm to CDM  

Can be controlled by mass  m ~ T. 
This is case of well known keV WDM

Can be controlled by New Physics   
            between BBN and CMB : Axion like particle 

/ Late forming DM

Similar effect on P(k)  possible through  
      dark acoustic oscillation DAO between CDM and DR
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• Story learnt from visible sector

DM , DE 
may transform

 into something !

Axion 
DM, DE

FUTURE OF DARK IS BRIGHT !
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