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THREE PILLARS OF COSMOLOGY

Observational evidence of hot Big bang Model

Expansmﬁ:e#w | 010 yr

Cosmic M<fc:ro*vvaveﬁ?;a@kgroundk T+4x105
yr

Big Bang Nucleosynthesis (BBN) ~ T+1
Sec.

Testing the earliest epoch!
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PRIMORDIAL NUCLEAR REACTOR

High temperature, density, expansion
Light elements synthesis i D, 3He, 4He, “Li

Competition T expansion vs reaction rates (faster
expansion - less time for nucleosynthesis)

Initial conditions + physics
Predict primordial abundanc
Compare with observations
Test physics and cosmologyi
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Schramm plot -

Abundance vs baryon_ "
density

Curves: BBN predicticz *°

D/H

10 uncertainty T ; 10

nuclear reaction rates
CMB (wwmaP: bunkiey 2008)

i fixes baryon density
Read off abundance
Simple!(?)

0.26 g

10-10 10-¢

TijanaPr odanovi | “‘M
prodanvc@df.uns.ac.rs «;}%g%?g

PRIMORDIAL ABUNDANCES

baryonO density (},h?
1

I | I

baryon—to—photon ratio 7

Cyburt et al. 2004, 2008
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PRIMORDIAL ABUNDANCES

baryoilo density (},h?
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Schramm plot -

Abundance vs baryon ‘:023
densny

D/H

10 uncertamt_y |
nuclear reaction rates
CMB (WMAP: Dunkley 2008)
I fixes baryon density
Read off abundance ™ £ e 3
Slmp|e|(?) baryon—to—photon ratio 7
Cyburt et al. 2004, 2008
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THEORY VS OBSERVATIONS?
BBN theory curves baryon, density 0,z
CMB i baryons o '

Planck 2013
Observations - boxes

“Hei OKJ

D71 righton!J
‘Lii problem! L ‘
Factor of 3-4 discrepancy!

470t 10-2
barvon—to—photon ratio 7
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LITHIUM PROBLEM! Cyhur 201 privatecommunicator)
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KNOWING LITHIUM

X
ey

’Li sources

BBN

cosmic-ray interactions (ingredients: shock

waves, magnetic field, charged particles) (Reeves
1970)
fusion a+a- °'Li

spallation P.a@ +CNO- LiBeB

type Il supernovae (neutrino process i neutrino-
iInduced spallation in C shell T 1B, 1°B i 7Li)

SLi sources
cosmic-ray interactions mainly (Reeves 1970)
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MEASURING PRIMORDIAL LITHIUM

__F_I_I'Tmlll'llllllll'l

Spite & Spite 1982

Old, warm, metal-poor
halo dwarfs

) -]

(Almost) uniform LI =

abundances overa = :

range of low 1

metallicities B 3 | E

Very low scatter! T ORI
: ! - -3 -2 -1 0
Primordial plateau (Fe/H] /

Solar metallicity
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MEASURING PRIMORDIAL LITHIUM

Spite & Spite 1982 Hog(uizey T ’|'i'
Old, warm, metal-poor [, ... ] d
halo dwarfs :_’I %T;'Tpfaté'auo P
Almost) uniform Li =~ "= PT?T?’? U2
gbunda?mes overa - L%FV/

range of low : B
metallicities 7 Prantzos 2012
Very low scatter! ., // o i
Primordial o0t Lottel . 7T

S —4 -3 -2 < 0
p\a" [Fe/H]
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LITHIUM PROBLEM
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times lower than s

=
L "Lisgay FMMAP

predICted (CMB+BBN)—10 u 9 pm"'-”s'*"‘ - //E( i _

Lprimordial plateau? =7 <

primordial i :
TS :
_ ’ _

abundance g
a 1 Q 2 N 7 h
gg—L'g = (524971 10°%° “I A _

o Ll '.SCCR // = ALt) i
¥ 4 ® 5j(GP0Y)
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'3 ( 068) el
= = = 6813 1y 10 AT
ga 8 F i 1'23:|-032 10 L1 .‘i‘/(_|4| 1')\J|\'R|—|3| [ _|21 11 |_|1| [ |(|)| (I |
*obs (Fe/H]

Li Is destroyed instead of expected post-
BBN production!?
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WHO IS TO BLAME?

Observations? Theory?

Measured Measured

abundances are abundances are

wrong? ok?

Stellar modeling Find a way to

problems? destroy LI pre-
"Bk galactically

New physics?
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SOLUTION?: LITHIUM OBSERVATIONS

Absorption lines in stellar atmospheres

Modeling! Non-LTE, 1D vs. 3D
LI mostly ionized in atmospheres
Must determine Li ll/Li | ratio
Strong temperature dependance

Much larger temperature needed to solve Li
problem? cpl' ~ 500-600K?
Affects other element abundances (Be, B, O)

Casagrande et al. 2010 T new, detailed analysis of T
scale gives at most cpl ~ 200K




