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The Early Universe, ~1s

• Initially Equilibrium:

• Freeze-out:  Weak Interaction rate vs. Expansion rate

•
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Big Bang Nucleosynthesis Delayed

• Deuterium Bottleneck:

• Neutron Decay:

• Nucleosynthesis finally Begins:
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4
He

• Absence of stable A=5

• 99% efficient n → 
4
He

• D, 
3
He, 

4
He, 

7
Li

• Depend on η

• Sensitive to Nν
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CMB + BBN

• CMB Power Spectrum 

highly sensitive to ΩB

• CMB+BBN 

=> very high precision 

primordial abundances

• ΩBh
2
= 0.02237±0.00015

• η = (6.12±0.04) x 10
-10

• Yp = 0.2447 ± 0.0002
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Cyburt, Fields, Olive, Yeh (2015)



4
He

• Low Metallicity Extragalactic HII Regions
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Izotov & Thuan
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It’s Simple, Right?

• Measure an Emission Line Spectrum

• Measure the Electron Temperature and Density

• Calculate the Emissivity

• Convert relative Fluxes into Abundances

• Plot He/H vs. O/H, and Regress back to O/H=0
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Complications

• Emission Lines:  

- Reddening

- Underlying Absorption

• Temperature & Density

- Which Ion?

- Fluctuations

• Collisional Excitation

• Self-Absorption of He I

(Optical Depth)

07/15/20194HeErik Aver





Determine 
4
He & Corrections Simultaneously

• He λ3889, 4026, 4471, 5876

6678, 7065, 10830 (IR)

Hα, Hβ, Hγ, Hδ

• Model for observed fluxes

• y
+
, n

e
, a

He
, τ, T, C

Hβ
, a

H
, ξ

• Minimize
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Parameter Dependence

Aver, Olive, Skillman (2015)



Quality Screening
• MCMC

• Frequentist

• χ2 < 4

• He I λ4026, T(OIII) Prior

Aver, Olive, Skillman (2011)
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Nν

Cyburt, Fields, Olive, Yeh (2015)



Yp, BBN, & the CMB

Planck (2018)



Yp & BBN

• Yp = 0.2449 ± 0.0040
𝐷
𝐻
= (2.53 ± 0.04) × 10−5

⇒ Ω𝐵ℎ
2 = 0.02228 ± 0.00084

𝑁𝜐 = 2.85 ± 0.28

• w/ CMB  

⇒ Ω𝐵ℎ
2 = 0.02217 ± 0.00022

𝑁𝜐 = 2.88 ± 0.16

• Izotov, Thuan, Guseva (2014)

Yp = 0.2551 ± 0.0022 𝑤/ 𝐷
𝐻

⇒ Ω𝐵ℎ
2 = 0.0240 ± 0.0017

𝑁𝜐 = 3.53 ± 0.25

Cyburt, Fields, Olive, Yeh (2015)



State of 
4
He

• Most Recent Result:  Yp = 0.2449 ± 0.0040

Planck BBN Result:  Yp = 0.2470 ± 0.0002 

- Agree well

- Realistic Uncertainty

- Reduce Uncertainty

• Higher Quality & Higher Resolution Spectra

- LBT

- IR

- Additional H Lines
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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 
4
He using MCMC has 

proved insightful and effective.

• Systematic uncertainties pose challenges, and higher 

quality spectra are needed (and coming!).
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