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Testing the Big Bang: 
Atomic Physics and the Primordial 

Helium Abundance 
F. Guzmán, N. R. Badnell, P. A. M. van Hoof, M. Chatzikos, M., & 

Ferland, G. J. 
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◆ six parameters,  
– the age of the universe 
– the density of atoms 
– the density of matter 
– the amplitude of the initial fluctuations 
– the scale dependence of this amplitude, and  
– the epoch of first star formation 

◆  fit all cosmological data  
– Spergel, Science, 2015 

Planck 2014 Results XIV (~4400 cites) 
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4He/H 

◆  produced in stars 
–  But O/H proportional to extent of contamination 

◆  but great precision is required 
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UV/Optical Spectrum of the Orion Nebula 
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kT 

Life history of an Orion electron 

◆ H0 ground state 
– 1 day 

◆ Suprathermal 
– 1 second 

◆ Thermal 
– 1 yr 

◆ H0 excited states 
– 10-7 s 

◆ H0 ground state 

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

0.1 1.0 10.0
wavelength (microns)

ν F
ν

Pure H+ recombination spectrum 

1S

1S

1Po

1D

3Po

3S

3D

1Po

1S
3Po

3S

n=2

n=3
La

2
5

IR1
IR2

F1

Lb

O
P2

O
P

1

  OP3

singlets triplets

n=41S 3S
3Po

3D
3Fo

1Po

1D
1Fo

n=51S 3S
3Po

3D

3Fo

1Po

1D
1Fo 1G 3G

2
1
0

Helium 
 

energy 
(not to scale) 

1.E-26

1.E-25

1.E-24

1.E-23

1.E-22

1.E-21

0.1 1.0 10.0
wavelength (microns)

ν F
ν

Pure He+ recombination spectrum He/H from H II regions 

    

n(He+ )
n(H+ )

=
αeff (H I)
αeff (He I)

νH

νHe

I(He I)
I(H I)

≈
n(He)
n(H)

For a pair of lines the emission ratio is 
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then 

Can we predict the recombination coefficients to 1% 
accuracy? 
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Predicting αeff 

◆ Radiative recombination rates are derived 
from photoionization cross sections 

◆ Downward cascades, photon emission, 
depend on transition probabilities 

◆ Collisional transitions occur too 
– These are the problem 

Predicting αeff 

◆ Menzel & Baker 1930’s 
◆ Seaton 1950’s 
◆ Seaton students 1960s – 1990s 

– Pengelly, Brocklehurst, Storey 

◆ Burgess & Summers 1970s 

◆ Ryan Porter’s PhD work, in Cloudy 
– Porter+, 2005, 2007, 2009, 2012 
– Bauman+05 

Error estimates Error estimates 

◆ Hummer & Storey 
(1998) R-matrix 
photoionization cross 
sections removed 
radiative 
recombination rate 
coefficients as a source 
of uncertainty. 

Energy-degenerate l-changing 
collisions 

◆ Pengelly & Seaton (1964) is the classic reference 
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The Vrinceanu+ update 
◆ Vrinceanu & Flannery 2002 PRA 
◆ Vrinceanu, Onofrio & Sadeghpour 2012 ApJ 

◆ All of the Porter+ work used the Vrinceanu & 
Flannery formalism 

Pete’s reply 
◆ Storey & Sochi 2015, MNRAS, 446, 1864 

◆ Pengelly & Seaton got the right answer 
◆  (Vrinceanu don’t agree) 
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Some improvements to P&S 

◆ We did make modest improvements to P&S 
– We do not assume that the lower cut off is 

much lower than the impact parameter. This 
produces positive rates at low temperatures 
and high densities 

– We assume a low impact parameter 
probability that compares better with quantal 
calculations 

– The modified version is still easy-to-compute 
and gives very accurate downward transitions 
compared with the QM method. 

Conclusions 
◆ Precision measurements of Yp are affected by 

uncertainties in collision rates among Rydberg 
levels of H and He 

◆ The controversy over l-changing collisions 
introduced a major uncertainty 

– The vector sum of all this work is the null vector – 
Pengelly & Seaton 1964 basically got it right 

◆ Atomic physics is crucial to understanding 
astronomical spectroscopy 

◆ This is an area where tabletop physics can compete 
with G$ experiments 


