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The Early Universe, ~1s

e Initially Equilibrium: n+e" < p+v,
N+v, <> p+e
N< p+e +v,

* Freeze-out. Weak Interaction rate vs. Expansion rate
r~T°/M H~T?/M,




Big Bang Nucleosynthesis Delayed

e Deuterium Bottleneck: p +n—>D +y [,~ngo

p+tneD+y Ty~n,ge E8/T

[,~T; = B~ E/T
p=le g0 P 4T
n = T = 0.1 MeV

/4

 Neutron Decay: L
7
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FiG. 1.—Reaction network used in the code. Estimated reactions are shown with dashed lines.




* Absence of stable A=5
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C M B + B B N bal‘yoilogiaensity Qbhal
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« CMB Power Spectrum  ©=2
highly sensitive to Qg 0=

« CMB+BBN a
=> very high precision
primordial abundances




"He

* Low Metallicity Extragalactic HIl Regions

0 —————— —

o0 {  4He is Primordial!

0.20 et oetEP eSO

Izotov & Thuan




.

¥
.




It’s Simple, Right?

Measure an Emission Line Spectrum
Measure the Electron Temperature and Density
Calculate the Emissivity

Convert relative Fluxes into Abundances
n(He) _F(He) E(H)




Complications

T

* Emission Lines:
- Reddening - |
- Underlying Absorption | 'ﬂ
« Temperature & Density '°[
- Which lon?

Flux
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Determine “He & Corrections Simultaneously

* He A3889, 4026, 4471, 5876 '
6678, 7065, 10830 (IR) s
H(l, HB, H'Y; Ho =5 l YYY

 Model for observed fluxes
.yt Nes 8per T> T, Crypy 8, G
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Quality Screening

« MCMC

Frequentist

. XZ </

He | 24026, T(OIII) Prior

e w/ 4026
(dispersion=0.0056)
= w/o0 4026
(dispersion=0.0352)

Chi-Squared with y*
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Temperature (/104) K]
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O/H x 10° Electron Density [cm™]




Final Dataset
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baryon density Q. h?
Y 0.01 y h
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YpBBN

Y,, BBN, & the CMB
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Y, & BBN

6 e e D O Consrans 0 Yp = 0.2449 £ 0.0040
— vz | 2=(253+£0.04)x107°
51— 99.73% . = (p h? = 0.02228 + 0.00084
= [ : N, = 2.85 1+ 0.28
£l 1+ w/CMB
g 7 BBN+Y,+D
— CMB+BBN+YP+D;
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State of “He

* Most Recent Result: Y, =0.2449 + 0.0040
Planck BBN Result: Y, =0.2470 £ 0.0002
- Agree well
- Realistic Uncertainty
- Reduce Uncertainty




Summary

 BBN’s ability to predict the light element abundances

with high precision is a great accomplishment of the
Big Bang model.

 Our determination of the Primordial Helium
Abundance agrees well with the CMB result.

« Self-consistent analysis of “He using MCMC has




