
Question: what was the mystery in 1964?

Hoyle: Carbon via triple alpha reaction, 1952

Burbidge2, Fowler, Hoyle: s- and r-proc, 1957

Alpher, Gamow: BBNucleosynthesis, >1948

Penzias and Wilson ⇒ ApJ: 13 May, 1965
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1977: Observed He abundance (25%) ⇒ Nν < 5

PDG: 1.8 < Nν < 4.5 (95%CL) (Cyburt et al., 2005)
PDG: Nν < 16; (Hoyle & Tayler, 1964)
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neutron-proton ratio vs. temperature:

..

thermal equilibrium via
νen↔ e−p
..

n→ pe−ν̄e

nucleosynthesis (T = 60keV)
(number of neutrons reduced
by decay)

More neutrinos ⇒ Faster Expansion
⇒ fewer neutron decays ⇒ more He
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Hoyle and Tayler, 1964
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Hoyle and Tayler, 1964

Hoyle, the Big Bang sceptic, says that “a singular
origin” is one of two natural explanations of large
He/H.
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Hoyle and Tayler, 1964
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Mendez, Thesis, 1964
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Orion Nebula (Mendez thesis)

Jim Rich (IRFU) The Mystery of of the Cosmic Helium Abundance January, 2018 8 / 26



HII region spectrum
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HII region spectrum
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HII region spectrum (Mendez)
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Mendez, Thesis, 1964
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Hoyle and Tayler, 1964: Back of the envolope
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Hoyle and Tayler: Gamow Fine Tunes η!

⇒ η ∼ 3× 10−12
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Hoyle and Tayler: Effect of Neutrinos
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Hoyle and Tayler: Limit on Nν < 16
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Hoyle and Tayler: He production independent of η
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Hoyle and Tayler: He abundance ⇒Big Bang
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Hoyle and Tayler: η fine tuning replaced with GF

fine tuning!

Γν ∼ H at T ∼ mn −mp

⇒ G 2
F∆m3mpl ∼ α2∆m3mpl/M

4
W ∼ 1
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Abundances vs. η
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Cooke and Fumagalli, 2018
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Cooke and Fumagalli, 2018
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Cooke et al, 2017: One Percent Determination of

the Primordial Deuterium Abundance
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Cooke et al, 2017
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Cooke et al, 2017
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