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Deuterium is the baryometer of choice

FIG. 1. Primordial abundances of the light nuclides as a function of cosmic baryon content, as

predicted by SBBN (“Schramm plot”). These results assume Nν = 3 and the current measurement

of the neutron lifetime τn = 880.3 ± 1.1 s. Curve widths show 1− σ errors.
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blue-shift of 82 km/s





Image credit: ESO
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105 D/H = 2.3± 0.6



10m Keck telescope + HIRES

100⌦bh
2 = 2.4± 0.6







Column Density Distribution of Lya forest lines

Zafar+ 2013







Metallicity Distribution

Rafelski et al. 2012



Metallicity Distribution

Rafelski et al. 2012

These are  
the DLAs  

we’re after
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Very Metal Poor DLAs are the choice

astrophysical environments for measuring 

the primordial abundance of deuterium

Low metallicities imply negligible astration of D

Narrow absorption lines make it possible to resolve 
the -82 km/s isotope shift between D and H

High H I column densities give detectable D I lines

in many transitions of the Lyman series



J1358+6522, z= 3.0673, Fe/H = 1/750 solar

Cooke+ 2014

N(H I) = 3.1⇥ 1020 cm�2



J1358+6522, z= 3.0673, Fe/H = 1/750 solar

Cooke+ 2014



30,000 s

integration

with UVES

on VLT-2



Spectral analysis tailored specifically to 

the determination of D/H and its error

Pettini & Cooke 2012
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105 D/H = 2.527± 0.030



Cooke+ 2018

100⌦bh
2(BBN) = 2.235± 0.016± 0.033
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Planck Coll. 2015
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Experiment

Theory

Broggini+ 2018
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Cooke+ 2018

100⌦bh
2(BBN) = 2.166± 0.015± 0.011

2� ‘discrepancy0



Joint D/H and CMB Constraints on `dark radiation’

Cooke+ 2018
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Looking to the future...
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Summary
With modern astronomical instrumentation, we can now 
verify experimentally the framework of Big-Bang 
nucleosynthesis which has its origin in ideas first put 
forward in the 1950s

AlpherGamowHerman
Hayashi
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BBN CMB

= New Physics? Not yet...


