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Evidence for non-baryonic dark matterEvidence for non-baryonic dark matter

Rotation curves in 
spiral galaxies

Lambda-CDM Model

Suggests 23% of the 
Universe consists of non-
baryonic dark matter



   
What is dark matter?

A simple idea... assume dark matter belongs to a hidden 
sector exactly isomorphic to the standard model 

If left and right fields interchanged in the hidden sector, 
theory has exact parity symmetry, x  -x →

The e', H', He', … particles in the hidden (mirror) sector 
are stable and provide an interesting dark matter 
candidate.



 
 

The ordinary and mirror particles form two almost 
decoupled sectors which couple to each other via 
gravity and possibly by the renormalizable 
interactions:



 

         

                   Dark matter = mirror matter Dark matter = mirror matter 

Successful cosmology requires asymmetric initial 
conditions:

                T' << T    and  nb' = 5 nb

With such initial conditions the theory exactly mimics 
standard cold dark matter on large scales, i.e. 
successful LSS and CMB.

On smaller scales mirror dark matter is radically 
different to standard cold dark matter because it is self 
interacting and dissipative.

  



                  What about on small scales?

Observations suggest that galactic halo is a pressure 
supported plasma consisting of e', H', He', O', Fe',...

   Such a plasma would  radiatively cool unless heat source 
exists. 

   Ordinary supernova can supply the required energy if the 
kinetic mixing has strength :

~ half of supernova core collapse energy goes into 
mirror e'  

Importantly, if kinetic mixing exists can detect mirror 
particles in experiments



  DAMA/NaI and DAMA/Libra experimentsDAMA/NaI and DAMA/Libra experiments

DAMA team have found evidence for dark matter with DAMA/NaI  
(100 kg NaI target) 1997-2003 and confirmed with more precision by 
DAMA/Libra (250 kg NaI target) 2003-2012

First claim of direct 
detection of dark matter! 
More than 10 years already.



DAMA/NaI and DAMA/Libra experimentsDAMA/NaI and DAMA/Libra experiments

Evidence from direct 
detection experiments, 
especially DAMA/LIBRA 
annual modulation signal

Phase and Period of modulation 
are  predicted!  t0 = 152 (June 2), 
T = 1 year.



DAMA/NaI and DAMA/Libra experimentsDAMA/NaI and DAMA/Libra experiments

Particle Physics

Astro & Particle 
Physics

Rates are measured as 
function of nuclear recoil 
energy, ER



 

 

Modulation  is present in the 2-6 keV energy interval.



     Many sensitive, but higher threshold experiments 
such as XENON100 and CDMS  have yet to find any 
dark matter signal. 

     Can mirror dark matter explain these results?

 

A feature of DAMA is its low energy threshold 

The CoGeNT and CRESST experiments also have low 
energy thresholds and they also see a possible dark 
matter signal. 

 



  

Rate depends on halo distribution function 

Temperature can be determined from condition of 
hydrostatic equilibrium

Kinetic mixing interaction, with  means ordinary and mirror

particles can interact with each other and can therefore be detected!



 
Solving this equation leads to

And hence

The key point is that heavy particles  have narrow 
velocity dispersion

If then

This can help explain why DAMA sees a signal and higher 
threshold experiments such as CDMS and XENON100 do not!

Mean mass of 
particles in halo

Galactic rotation 
velocity



     

   

Rate also depends on the cross section. For mirror matter, 
ordinary and mirror particles interact via kinetic mixing 
induced Rutherford scattering.



 

Mirror dark matter can fit the energy dependence of the 
DAMA modulation 

DAMA experiment measures annual modulation 

Shown is fit for 
an example:



 The CoGeNT collaboration designed a detector with low 
energy threshold to check DAMA

Feb 2010 June 2011

P-type germanium contact 
detector



 
CoGeNT total rate from 442 
days Hint of annual modulation!



 
Mirror dark matter can fit the energy dependence of the 
CoGeNT spectrum

CoGeNT spectrum quite uncertain due to surface event 
correction. 

Shown is fit for 
an example:



CRESST

CRESST detector composed of O, Ca and W.  Sensitive to light 
dark matter via interactions on O and Ca.

ArXiv:1109.0702, 4 September 2011



  

CRESST found 67 events 
from 730 kg-days of 
exposure. However, at 
least half of these are 
from backgrounds. 
Nevertheless there is 
tentative evidence for 
light dark matter from 
rising event rate at low 
recoil energies.

CRESST



 
Mirror dark matter can fit the CRESST-II spectrum.

 

Shown is fit for 
an example:



Combined fit of DAMA, CoGeNT and CRESST-II



 
Mirror dark matter different to standard WIMP models

1) Mirror dark matter is necessarily light < 52 GeV

2)  Mirror dark matter interacts via Rutherford scattering, rather than 
contact interactions 

3)  Mirror dark matter is multi-component which leads to narrow 
velocity dispersion.

Parameter space in 
standard wimp model



Mirror dark matter, and self interacting dark matter in general, 
predicts large diurnal variation for detectors located in 
Southern Hemisphere.

                      Diurnal variation



For northern hemisphere, diurnal variation is more 
challenging, but might possibly be seen in Jin-Ping



                          ConclusionsConclusions
Evidence for non-baryonic dark matter from rotation 

curves in galaxies, and precision cosmology.

DAMA, CoGeNT and perhaps CRESST-II experiments may 
have actually detected galactic dark matter!

These experiments can be explained if dark matter = 
mirror matter (or possibly a more generic hidden 
sector).

This explanation will be tested more stringently during 
the next few years as more data is collected. So stay 
tuned!
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