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The Cosmological Lithium Problem 

Discrepancy of a factor 2-3 between 
observations and Theoretical predictions 
of the 𝟕𝟕𝑳𝑳𝑳𝑳 abundance!
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Spite Plateau

𝐿𝐿𝐿𝐿
𝐻𝐻 𝑜𝑜𝑜𝑜𝑜𝑜

≅ (𝟏𝟏. 𝟕𝟕 ± 0.06 ± 0.44) × 10−10

The Cosmological Lithium Problem 
Observations
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The Cosmological Lithium Problem 
Theoretical predictions

ɳ ≡
𝑁𝑁𝑏𝑏
𝑁𝑁𝛾𝛾

= 2.74 × 10−8Ωbh2

𝐿𝐿𝐿𝐿
𝐻𝐻 𝐵𝐵𝐵𝐵𝐵𝐵

≅ (𝟓𝟓. 𝟏𝟏𝟏𝟏−𝟎𝟎.𝟔𝟔𝟔𝟔
+𝟎𝟎.𝟕𝟕𝟕𝟕) × 10−10WMAP :
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The Cosmological Lithium Problem 

Nuclear solutions

According to the Big Bang Nucleosynthesis the 95% of the primordial 7Li comes from electronic capture 
decay of the 7Be

𝟕𝟕𝑩𝑩𝑩𝑩

+
𝒆𝒆−

=
𝟕𝟕𝐋𝐋𝐋𝐋

+
𝝂𝝂𝒆𝒆

A higher rate of 7Be destruction could solve or, at least, partially explain the probem.
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The Cosmological Lithium Problem 

Possible 𝟕𝟕𝑩𝑩𝑩𝑩 destruction channels
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The Cosmological Lithium Problem 

Possible 𝟕𝟕𝑩𝑩𝑩𝑩 destruction channels

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝒑𝒑) 𝟕𝟕𝑳𝑳𝑳𝑳 97% of the total destruction rate of 7Be
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The Cosmological Lithium Problem 

Possible 𝟕𝟕𝑩𝑩𝑩𝑩 destruction channels

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝒑𝒑) 𝟕𝟕𝑳𝑳𝑳𝑳 97% of the total destruction rate of 7Be

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯 2.5% of the total destruction rate of 7Be

Giants 2017 5-6 October 2017 Palazzo Poggi - Bologna



The Cosmological Lithium Problem 

Possible 𝟕𝟕𝑩𝑩𝑩𝑩 destruction channels

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝒑𝒑) 𝟕𝟕𝑳𝑳𝑳𝑳 97% of the total destruction rate of 7Be

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯 2.5% of the total destruction rate of 7Be

Sub-dominant destruction channels involving charged particles
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The Cosmological Lithium Problem 

Possible 𝟕𝟕𝑩𝑩𝑩𝑩 destruction channels

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝒑𝒑) 𝟕𝟕𝑳𝑳𝑳𝑳

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯

97% of the total destruction rate of 7Be

2.5% of the total destruction rate of 7Be

Sub-dominant destruction channels involving charged particles

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒅𝒅

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝟑𝟑𝑯𝑯𝑯𝑯

Giants 2017 5-6 October 2017 Palazzo Poggi - Bologna



The Cosmological Lithium Problem 

Possible 𝟕𝟕𝑩𝑩𝑩𝑩 destruction channels

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝒑𝒑) 𝟕𝟕𝑳𝑳𝑳𝑳

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯

97% of the total destruction rate of 7Be

2.5% of the total destruction rate of 7Be

Sub-dominant destruction channels involving charged particles

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒅𝒅

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝟑𝟑𝑯𝑯𝑯𝑯

Considerable effect just if new unknown resonances are found
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒅𝒅 Maximum achievable effect: 40% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳
𝑬𝑬𝒓𝒓~ 𝟏𝟏𝟏𝟏𝟏𝟏 𝒌𝒌𝒌𝒌𝒌𝒌, Γ𝒕𝒕𝒕𝒕𝒕𝒕 𝑬𝑬𝒓𝒓, 𝑹𝑹 ~ 𝟒𝟒𝟒𝟒 𝒌𝒌𝒌𝒌𝒌𝒌

Ruled out                                                      as a solution. 
Resonant contribution to the destruction of 𝟕𝟕𝑳𝑳𝑳𝑳 3.5%.                           

𝒅𝒅 + 𝟕𝟕𝑩𝑩𝑩𝑩 → 𝟗𝟗𝑩𝑩𝑩𝑩∗ → 𝒑𝒑 + 𝟖𝟖𝑩𝑩𝑩𝑩∗
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒅𝒅 Maximum achievable effect: 40% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳
𝑬𝑬𝒓𝒓~ 𝟏𝟏𝟏𝟏𝟏𝟏 𝒌𝒌𝒌𝒌𝒌𝒌, Γ𝒕𝒕𝒕𝒕𝒕𝒕 𝑬𝑬𝒓𝒓, 𝑹𝑹 ~ 𝟒𝟒𝟒𝟒 𝒌𝒌𝒌𝒌𝒌𝒌

Ruled out                                                      as a solution. 
Resonant contribution to the destruction of 𝟕𝟕𝑳𝑳𝑳𝑳 3.5%.                           

𝒅𝒅 + 𝟕𝟕𝑩𝑩𝑩𝑩 → 𝟗𝟗𝑩𝑩𝑩𝑩∗ → 𝒑𝒑 + 𝟖𝟖𝑩𝑩𝑩𝑩∗
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𝟐𝟐𝑯𝑯 ( 𝟕𝟕𝑩𝑩𝒆𝒆, 𝒅𝒅) 𝟕𝟕𝑩𝑩𝑩𝑩

Data show no evidence for new resonances



The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 Maximum achievable effect: 0.2% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳

To produce a 𝟕𝟕𝑳𝑳𝑳𝑳 reduction 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 destruction rate comparable to 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒏𝒏 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 Maximum achievable effect: 0.2% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳

To produce a 𝟕𝟕𝑳𝑳𝑳𝑳 reduction 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 destruction rate comparable to 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒏𝒏 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

1) n > t at the relevant temperature 𝑻𝑻𝑩𝑩𝑩𝑩 ~ 𝟓𝟓𝟓𝟓 𝒌𝒌𝒌𝒌𝒌𝒌
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 Maximum achievable effect: 0.2% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳

To produce a 𝟕𝟕𝑳𝑳𝑳𝑳 reduction 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 destruction rate comparable to 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒏𝒏 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

1) n > t at the relevant temperature 𝑻𝑻𝑩𝑩𝑩𝑩 ~ 𝟓𝟓𝟓𝟓 𝒌𝒌𝒌𝒌𝒌𝒌

2) 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 collisions suppressed by Coulomb repulsion
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 Maximum achievable effect: 0.2% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳

To produce a 𝟕𝟕𝑳𝑳𝑳𝑳 reduction 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 destruction rate comparable to 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒏𝒏 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

1) n > t at the relevant temperature 𝑻𝑻𝑩𝑩𝑩𝑩 ~ 𝟓𝟓𝟓𝟓 𝒌𝒌𝒌𝒌𝒌𝒌

2) 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 collisions suppressed by Coulomb repulsion

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝟑𝟑𝑯𝑯𝑯𝑯 Maximum achievable effect is a 𝟏𝟏𝟏𝟏−𝟒𝟒 reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳
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The Cosmological Lithium Problem 

Sub-dominant destruction channels involving charged nuclei

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 Maximum achievable effect: 0.2% reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳

To produce a 𝟕𝟕𝑳𝑳𝑳𝑳 reduction 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 destruction rate comparable to 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒏𝒏 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

1) n > t at the relevant temperature 𝑻𝑻𝑩𝑩𝑩𝑩 ~ 𝟓𝟓𝟓𝟓 𝒌𝒌𝒌𝒌𝒌𝒌

2) 𝟕𝟕𝑩𝑩𝑩𝑩 + 𝒕𝒕 collisions suppressed by Coulomb repulsion

𝟕𝟕𝑩𝑩𝑩𝑩 + 𝟑𝟑𝑯𝑯𝑯𝑯 Maximum achievable effect is a 𝟏𝟏𝟏𝟏−𝟒𝟒 reduction of primordial 𝟕𝟕𝑳𝑳𝑳𝑳

Small effect due to the strong Coulomb barrier                a resonance can not solve the problem!       
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The Cosmological Lithium Problem 

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯
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The Cosmological Lithium Problem 

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯
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The Cosmological Lithium Problem 

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯
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The Cosmological Lithium Problem 

𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝜶𝜶) 𝟒𝟒𝑯𝑯𝑯𝑯
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Avaliable data for the 𝟕𝟕𝑩𝑩𝑩𝑩 (𝒏𝒏, 𝒑𝒑) 𝟕𝟕𝑳𝑳𝑳𝑳

7Be(n,p)

No data in energy range of
interest for BBN

Two measurements:

- Koehler at al., 1988, 0.025 eV- 13.5 keV
- Gledenov et al., 1987, 0.025 eV- ~500 eV
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Sample preparation @PSI/ISOLDE 

Sample characterization @PSI
1 GBq activity sample required

(16/04) 20 MBq

(14/05) 1.1 GBq
We obtained two samples!
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Experimental set-up

∆𝑬𝑬
𝑬𝑬

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺

Neutron beam

5 cm

300 µm 20 µm

LiF

xy 𝟓𝟓 × 𝟓𝟓 𝒄𝒄𝒄𝒄𝟐𝟐

z 1.66 µm

LiF Sample

𝐧𝐧 + 𝟔𝟔𝐋𝐋𝐋𝐋 → 𝛂𝛂 + 𝐭𝐭

𝛂𝛂

𝐭𝐭

Cover 𝟏𝟏. 𝟓𝟓 × 𝟏𝟏. 𝟓𝟓 𝐜𝐜𝐜𝐜𝟐𝟐
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LiF coincidences

𝛂𝛂

𝐭𝐭

270 ns
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Experimental set-up

𝛂𝛂

𝐭𝐭

270 ns

𝟕𝟕𝐁𝐁𝐁𝐁

Activity 1.1 GBq

Radius 2.5 mm

𝟕𝟕𝐁𝐁𝐁𝐁 High Purity Sample

𝐧𝐧 + 𝟕𝟕𝐁𝐁𝐁𝐁 → 𝐩𝐩 + 𝟕𝟕𝐋𝐋𝐋𝐋

p

Neutron beam

300 µm 20 µm

5 cm
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𝟕𝟕𝑩𝑩𝑩𝑩 coincidences

𝛂𝛂

𝐭𝐭

270 ns
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Geant4 set-up simulations

𝛂𝛂

𝐭𝐭

270 ns
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𝟔𝟔𝐋𝐋𝐋𝐋(𝐧𝐧, 𝐭𝐭)𝜶𝜶 cross-section

𝛂𝛂

𝐭𝐭

270 ns
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𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜

𝛂𝛂

𝐭𝐭

270 ns

Counts 𝟕𝟕𝐁𝐁𝐁𝐁
Counts Backing
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𝟐𝟐𝟐𝟐 𝐌𝐌𝐌𝐌𝐌𝐌 𝐯𝐯𝐯𝐯 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏

𝛂𝛂

𝐭𝐭

270 ns

1 GBq vs 20 MBq
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𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂

𝛂𝛂

𝐭𝐭

270 ns

 Uncertainties in nuclear data strongly affect the Big Bang Nucleosynthesis calculations for

the abundance of 7Li and our results could shade new light on the Cosmological Lithium

Problem.

 The 7Be(n,p)7Li cross-section measurement has been performed at n_TOF-EAR2, using a

1.1 GBq pure sample implanted at GLM beam line of ISOLDE, starting from a 200 GBq 7Be

solution collected at PSI.

 The 7Be(n,p)7Li cross-section has been measured with two different samples and the

results are in a very good agreement.

 At n_TOF the 7Be(n,p)7Li cross-section has been measured for the first time in the energetic

range of interest for the problem.
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𝛂𝛂

𝐭𝐭

270 ns

THANKS FOR YOUR KIND ATTENTION
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