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Knowing:
• the cosmological parameters
• the cross section of the processes responsible

for 2H creation and destruction

Primordial deuterium abundance can be 
calculated 

𝐷

𝐻
𝐵𝐵𝑁

= 2.65 ± 0.07 ∙ 10−5
𝐷

𝐻
𝑂𝐵𝑆

= 2.53 ± 0.04 ∙ 10−5

BBN results can be compared with astronomical observations:

Present uncertainty is 10%
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Alternatively, from the measured deuterium abundance and the cross section of the nuclear
reactions (measured with low uncertainty 3-5%)
 the cosmological parameters such as the baryon density Ωb and the number of neutrino
families Neff can be obtained and compared with cosmological measurements
Di Valentino et al, Phys. Rev. D 90 (2014) 023543

As an example, assuming the number of neutrino families Neff=3:

100 Ω𝑏,0ℎ
2 𝐷/𝐻 = 2.20 ± 0.02 ± 0.04 𝐶𝑜𝑜𝑘𝑒 2014

100 Ω𝑏,0ℎ
2 𝐶𝑀𝐵 = 2.20 ± 0.03 (𝑃𝐿𝐴𝑁𝐶𝐾 2015)

Nuclear Physics  to 
be improved!Astronomical Observations

A measurement of the p+d reaction cross section is thus desiderable with a 3-5% accuracy in
the energy range 10 keV < Ecm < 300 keV
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As light nuclei are involved in this process,
the 2H(p,g)3He reaction is of high interest
also in theoretical nuclear physics, in
particular for what concern “ab-initio"
modelling  low uncertainty in measured
cross section is needed
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Accelerator LUNA 400 kV

High current Ip ≅ 500 𝜇𝐴
Ebeam=[50 – 400] keV
Long term stability  5eV/h
Energy spread  70 eV

I beam-line: windowless
gas target. 2H reference
pressure = 0.3 mbar
II beam-line: solid target

II beam-line I beam-line



𝐸𝑏𝑒𝑎𝑚~ 50 − 400 𝑘𝑒𝑉

4𝜋 geometry  poor angular distribution sensitivity  only total cross section

Energy resolution in the total absorption peak ~ 8%

High detection efficiency for 5.5 MeV g-rays ~ 60%  low energy measurements

I phase: the BGO setup

2H(p,g)3He measurement at LUNA
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• Efficiency calibration obtained with
Monte Carlo simulations tuned with
radioactive sources (137Cs, 60Co, 88Y) and
resonant reaction 14N(p,g)15O

• Huge Bib due to 19F(p,ag)16O reaction for
Ecm>200 keV

5% uncertainty

Bib
Signal
Pure p+d



𝐸𝑏𝑒𝑎𝑚~ 150 − 400 𝑘𝑒𝑉

High energy resolution in the total absorption peak ~ 0,08%

Possibility of performing angular distribution measurements with extended gas target

Detection efficiency for 5.5 MeV g-rays ~ 0,35%  no low energy measurements

II phase: the HPGe setup

Next measurement- in progress
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330 mm
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• High precision 2H(p, g)3He cross section data in BBN energy range can confirm 
astronomical observations and/or put constraints on cosmological parameters

• As light nuclei are involved in this process, the 2H(p, g)3He reaction is of high 
interest also for theoretical nuclear physics ab-initio calculations

• The data we are currently acquiring together with those previously acquired at 
LUNA 50 kV will provide a complete data set with high accuracy in a wide 
energy range  (0 - 267 keV) 
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Cooke etal.2014


