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Gamma Ray Horizon 

MAGIC COLLABORATION arXiv:0807.2822 

Model from Primack et al 

Model from Kneiske et al 



Assume Isotropic/homogeneous Universe i.e. Robertson Walker Metric 

Leads to Friedman equation 

Comoving coordinate 

Frieman Robertson Walker Model 



distance 

velocity 

If expansion rate was always the same, should get straight line 

However, the Universe used to be 
denser -  expanding faster, 
decelerating over time. 

Towards  
BIG BANG 



velocity 

                   What we do see:- 
 
                                deceleration here 
 
 
 
 
acceleration here 
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What we should see:- 
deceleration 

                   What we do see:- 
 
                                deceleration here 
 
 
 
 
acceleration here 

Basic Issue with Expansion History 

NORMALLY EXPLAINED WITH DARK ENERGY 
BUT COULD BE EXPLAINED BECAUSE FRW IS 
BAD APPROXIMATION 



 Evolution of a Spherical Void 

We assume spherical void and use Lemaitre-Tolman-Bondi metric 

curvature 

‘Friedman’ equation for Lemaitre-Tolman Bondi metric 



 Void Models as Alternatives to Dark Energy 

Underdense region  
expands faster  
like k=-1 universe 
 
mimics dark energy 

YOU ARE 
HERE 



Basically we expect voids this big 
 
 
 
 
 

But we need a void this big 



Pros and Cons of void models 

• require complicated power spectra 
• need to be near centre of void 
• difficult to fit peaks in CMB  
• usually still need local value of H to be low 
 

• can explain supernovae without dark energy 

Pros 

Cons 

PHILOSOPHICAL / OCCAM’S RAZOR TYPE ARGUMENTS -  
NEED TO TRY HARDER TO KILL MODEL IN ORDER TO TEST IT 



Different cosmologies lead to different 
extragalactic background light. 

 
 
 

Can we use the opacity of the Universe to 
gamma rays to constrain cosmology? 



Our exact procedure 

Pick a cosmology 
Get z vs t  

Rescale the SFR 
data for this 
cosmology  

Fit the rescaled 
SFR data 

Evolve stellar population over time and put reddened spectrum into grid.  
Put integral of luminosity lost to reddening at each time into a vector. 

Send photon 
through the 
whole thing 

Integrate grid 
(redshift  affects 

L and n) 

Assign redshifts 
to each time bin 
in the stellar grid 

See if it arrives at z=0,   write paper 



Star Formation Rate 

Hopkins astro-ph/0407170 

Can be fit with the expression 

Need to renormalise if 
you change underlying 
cosmology. 



Spectrum produced by our code 

Data is  from various sources, blue data is observed spectrum, green data is lower limits. 
Here we haven’t fit this spectrum on the left, we just used the star formation rate data. 



Results 

Black lines are opacity t=1,2,5,10 from   
 left to right for LCDM  

Red dashed lines are opacity t=1,2,5,10 

from  left to right for void model  
Blue lines constraints 
from gamma rays 

! 

arXiv:1111.4577 



Consider cosmologies with dark energy equation of states of 
 
 
 
        and see how the gamma ray opacity looks for them  

Can do the same thing for any cosmology, 

not just voids 



Existing constraints on Dark 

Energy Equation of State. 



Results 

wa 



Summary 

 
• g-ray transparency of different cosmologies can tell between them 
 
• Observations of blazars may rule out void models, if we can 
parametrise errors in  our EBL models 
 
• g-ray transparency can also place constraints on other models of 
dark energy.  I am quite excited about their potential 


