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Conditions in the Early Universe:

T 21 MeV
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Big Bang Nucleosynthesis

® Production of the Light Elements: D, *He, *He, 'Li

. *He observed in extragalctic HII regions:
abundance by mass = 25%

- L% observed in the atmospheres of dwarf halo stars:
abundance by number = 10710
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e All Observed D 1s Primordial!




D/H

e All Observed D 1s Primordial

® (Observed in the ISM and inferred from
meteoritic samples (also HD in Jupiter)




D/H

® All Observed D 1s Primordial’

® (Observed 1n the ISM and inferred from
meteoritic samples (also HD in Jupiter)

® D/H observed in Quasar Absorption systems




D/H

® All Observed D 1s Primordial'

® (Observed 1n the ISM and inferred from
meteoritic samples (also HD in Jupiter)

® D/H observed in Quasar Absorption systems




N 1 ¥ . u T T T T T T T
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D/H abundances in Q0130-4021
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Measured 1n low metallicity extragalactic HII
regions (~100) together with O/H and N/H

Yp=Y(O/H = 0)

‘He is Primordial!
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c) 5 He | lines
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Izotov & Thuan



Method:

® [ntensity and Eq. Width for H and He
® Determine H reddening and underlying absorption

® Use 6 He emission lines to determine physical

*He abundance
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Selt-consistent H and He

e Determine H and He properties from 9 lines
(6 He and 3 H) using MC

e (Preliminary) no new degeneracies but
previous degeneracies remain.




Selt-consistent H and He

e Determine H and He properties from 9 lines
(6 He and 3 H) using MC

e (Preliminary) no new degeneracies but
previous degeneracies remain.
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Measured 1in low metallicity dwart halo stars
(over 100 observed)
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.1 Woes
® (Observations based on

- ~old:Li/H=12x 10" Spite & Spite +
- Balmer: LvH=1.7x 10°!Y Molaro. Primas & Bonifacio
- IRFM: L/H=16x 10!  Bonifacio & Molaro

- IRFM: Li/H =12 x 107'Y Ryan, Beers, KAO, Fields, Norris
- Ha (globular cluster): LyH=22x 10 0" Bonifacio et al.
- Ha (globular cluster): LVH =23 x 10! Bonifacio

- 26104: LiH~32x10""  Fordetal.

® Lidepends onT,In g, [Fe/H], depletion, post
BBN-processing, ...
g sy r
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Possible sources tor the discrepancy

® Stellar Depletion
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Reappraising the Spite Lithium Plateau: Extremely Thin and
Marginally Consistent with WNIAP

~ # s ¥
Jorge Meléendez! and Ivan Ramirez”

New evaluation of surface temperatures
in 41 halo stars with systematically higher
temperatures (100-300 K)

[Li] =237 0.1
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Ta (K) Melende: & Romirez 2004

Recent dedicated temperature determinations
(excitation energy technique)
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Resulting Li:
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A(Li)(dex)

Hosford, Ryan, Garcia-Perez, Normms, Ol



Possible sources tor the discrepancy

® Nuclear Rates

- Restricted by solar neutrino flux

@ Stellar parameters
dLi .09 dLi .08

ding -5 dT 100K
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Solution I: Particle Decays

D/H
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Eftects of Bound States

e In SUSY models with a T NLSP, bound states form
between *‘He and T

eThe *He (D, v) °Li reaction 1s normally highly
suppressed (production of low energy v)

eBound state reaction is not suppressed

Pirsa: 08060037
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Eftects of Bound States

e In SUSY models with a T NLSP, bound states form
between *‘He and T

eThe *He (D, v) °Li reaction 1s normally highly
suppressed (production of low energy v)

eBound state reaction is not suppressed
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Possible sources for the discrepancy

® Stellar parameters
dLi .09 dL: .08

—

ding -5 dT 100K

® Particle Decays
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°L1BeB

Forn,, = 6
6L.i/H = 10-14
‘Be/H = 05-5x10-1°
IOB/H = 2 x 1020

HB/H = 3 x 10-16

Far Below the observed values in Pop II stars




Summary

® D. He are ok -- 1ssues to be resolved

® Li: 2 Problems
- BBN ’Li high compared to observations

- BBN °Li low compared to observations
L1 plateau?
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Problem 2: There appears to be a °Li plateau
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Summary

® D. He are ok -- 1ssues to be resolved

e Li: 2 Problems
- BBN L1 high compared to observations

- BBN °Li low compared to observations
°L1 plateau?




Possible Solution: Cosmological Cosmic Rays
(to problem two only)

® Cosmic Chemical Evolution

e Early Relonization and Massive Stars
e Cosmic Ray Production and Propagation in an expanding Universe
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