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Astrophysical constraints on !
non-wimp dark matter 
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Dark Matter does exist and  needed to explain the  Universe

Footprint of Dark matter !
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!

Search for Dark matter  is 
basically finding Lamp Post !

!
   

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

• Cold ( heavy)  DM :  WIMP Miracle is one such lamp post!  
!
• Different search strategy for new DM candidate boils down  in finding 

NEW lamp posts.                      
!
• Will See soon: Cosmology can help in designing new Lamp Post!
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• May be discovery of WIMP is near the corner or we 
are already  seeing the first hints of detection  

• Equally possible : We have to let go  WIMP lamp 
post.  Dark matter arising from new physics :    
String axiverse, keV sterile states, rich neutrino 
sector 

• Cosmology/ astrophysics is getting sensitive to  
non-WIMP models and can be a guiding principle  
to develop new lamp post. 

Conclusion



What can astrophysics tell about DM?Evolution of density  fluctuation
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Mass of DM?

• 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

m_f > 100 eV!
m_s >10^-23 eV
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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)
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Radiation to matter transition:

is enough

          SD and Sigurdson ( UBC)

eV sterile states can hide 
 from Planck
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Can we detect the oscillations ?



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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Planck!
cannot deviate from CDM in !

large scale

SDSS/ Ly-alpha
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21 cm 



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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Halo mass function: low mass  halo suppressed: 
Effects on Re-ionization
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Constraints from re-ionization history
SD, S. Bharadwaj ( IITKGP), S. Sethi (RRI) and D Marsh ( Perimeter)

m_a > 3 x10^-23 eV z_f >  4 x10^5 

JCAP, 2016

Dark matter better be cold  before  
this redshift!

If axion is lighter than this, 
will transit to DM from DE state later and will not be  

able to achieve reionization.
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One proposal to solve these issues!
WDM( warm dark matter )  KeV sterile Neutrino 
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our model:!
LFDM

LambdaCDM

High resolution N-body simulation for LFDM

In collaboration with  
P.S. Corasaniti, S. Agarwal  

and Y. Rasera 
with LuTH, Meudon, Paris

Can be Free from Lyman-alpha!
constraints unlike !

KeV WDM!

!19



small scale galactic issue with CDM : 
core vs cusp PROFILE
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PNAS, 2014

 F568-3 LSB galaxy



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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Cored density  

An analytical explanation for cusp vs core  
Dark matter effective mass ( r) 

DM mass 
 m(r)

Lighter towards 
center of galaxy

fermi pressure!
important

CDM like

1) Solitonic core ( Nature,2014 )  
 2) Ed Witten, Lam hui , J Ostriker (2016)  



A solution to Core-cusp problem  
    through Chameleon CDM    ( SD .. in progress)  
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Chameleon CDM at Dwarf galaxy scale  
form static profile of scalar  
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Solution for density profile  can explain  dspH core

Thanks !


