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THREE PILLARS OF COSMOLOGY 

Observational evidence of hot Big bang Model 

 

 

 

I. Expansion of the Universe ~ T+1010 yr 

II. Cosmic Microwave Background~ T+4x105 
yr 

III. Big Bang Nucleosynthesis (BBN) ~ T+1 
sec.  

 Testing the earliest epoch! 
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PRIMORDIAL NUCLEAR REACTOR 

òHigh temperature, density, expansion 

éLight elements synthesis ï D, 3He, 4He, 7Li 

éCompetition ï expansion vs reaction rates (faster 

expansion - less time for nucleosynthesis)  

ò Initial conditions + physics 

òPredict primordial abundances 

òCompare with observations 

òTest physics and cosmology! 
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PRIMORDIAL  

LHC 
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PRIMORDIAL ABUNDANCES 

òSchramm plot 

òAbundance vs baryon 
density 

òCurves: BBN prediction 

ò 1ů uncertainty ï 
nuclear reaction rates 

òCMB (WMAP: Dunkley 2008)  

  ï fixes baryon density 

òRead off abundance 

òSimple!(?) 
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THEORY VS OBSERVATIONS? 

òBBN theory curves 

òCMB ï baryons 
éPlanck 2013 

òObservations - boxes 

 

ò
4He ï OK J 

òD ï right on! J 

ò
7Li ï problem! L 

 Factor of 3-4 discrepancy! 

 

        LITHIUM PROBLEM! 
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KNOWING LITHIUM 

ò
7Li sources 

éBBN 

écosmic-ray interactions (ingredients: shock 

waves, magnetic field, charged particles) (Reeves 

1970) 

ðfusion 

ðspallation 

é type II supernovae (neutrino process ï neutrino-

induced spallation in C shell ï 11B, 10B i 7Li) 

ò
6Li sources 

écosmic-ray interactions mainly (Reeves 1970) 
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MEASURING PRIMORDIAL LITHIUM 

òSpite & Spite 1982 

òOld, warm, metal-poor 
halo dwarfs 

ò (Almost) uniform Li 
abundances over a 
range of low 
metallicities 

òVery low scatter! 

òPrimordial  
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Lemoine 1997 

Solar metallicity 

primordial plateau 

plateau 



Prantzos 2012 
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primordial plateau? 



LITHIUM PROBLEM 

òSpite ñplateauò ~ 2- 4 

times lower than 

predicted (CMB+BBN) 

primordial  

   abundance 
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Li is destroyed instead of expected post-

BBN production!? 

primordial plateau? 



WHO IS TO BLAME? 

òObservations? 

òMeasured 

abundances are 

wrong? 

òStellar modeling 

problems? 

òTheory? 

òMeasured 

abundances are 

ok? 

òFind a way to 

destroy Li pre-

galactically 

òNew physics? 
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SOLUTION?: LITHIUM OBSERVATIONS 

òAbsorption lines in stellar atmospheres 

òModeling! Non-LTE, 1D vs. 3D 

é Li mostly ionized in atmospheres 

éMust determine Li II/Li I ratio 

éStrong temperature dependance 

òMuch larger temperature needed to solve Li 
problem? ȹT ~  500-600K? 

éAffects other element abundances (Be, B, O) 

éCasagrande et al. 2010 ï new, detailed analysis of T 
scale gives at most ȹT ~  200K 
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