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Theoretical predictions
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According to the Big Bang Nucleosynthesis the 95% of the primordial ’Li comes from electronic capture
decay of the "Be
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o
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A higher rate of "Be destruction could solve or, at least, partially explain the probem.
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"Be +d

"Be + t - Considerable effect just if new unknown resonances are found

"Be + 3He
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ithium problem based on conventional nuclear physics.
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The primordial abundance of "Li inferred from obscrva-
tional data is roughly a factor of 3 below the abundance
predicted by the standard theory of big bang nucleosynthesis
(BBN) [1] using the baryon-to-photon ratio 5 = 6.19(15) x
10" [2] determined mainly from measurements of the
cosmic microwave background radiation. In contrast, there

: 1 into account the
s on the obsc ally inferred and
the theoretically deduced 7Li abundances, the significance of
the discrepancy is (4.2-5.3)a [3]. This contitutes one of the
important unresolved problems of present-day astrophysics
and is termed the cosmological lithium problem. Among other
possibilities, the discrepancy could be due to new physics
beyond the standard model of particle physics [4], errors in
{he observationally inferred primordial lithium abundance,' or
incomplete nuclear physics input for the BBN calculations.
This Brief Report addresses the last possibility.

In standard BBN theory, assuming 7 = 6.19(15) x 10717,
most "Li is produced in the form of "Be. Only much later,
when the universe has cooled sufficiently for nuclei and

e into atoms, does "Be decay to ' Li through

'he temperature range of 'Be production
is T~ 03-0.6 GK, where the main mechanism for "Be
production is *Hele, )'Be while the main mechanism for
"Be destruction is 'Be(n, p)’Li followed by "Li( p, )" He. The
rates of these reactions as well as the reactions that control the
supply of neutrons, protons, *He, and e particles are known
with better than 10% precision at BBN temperatures [6],
resulting in an uncertainty of only 13% on the calculated 'Li
abundance [3].

A recent theoretical paper [7] explores the possibility of
enhancing "Be destruction through resonant reactions with
1, “He, and , leading to compound siates in 5B, B,

B. '"C. and ''C, respectively. The paper concludes that,
of the known excited states in these isotopes [8.9], only
the 16.8-MeV state in °B_has the potential to significantly
influence “Be destruction.” (Note that in Ref. [7] this state
is referred to as the 16.7 MeV state.) The proposed de-
struction mechanism is shown schematically in Fig. 1. The
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Big Bang nucleosynthesis calculations, constrained by the Wilkinson Microwave Anisotropy Probe results,
produce "Li abundances almost a factor of four larger than those extrapolated from observations. Since primordial
7Li is believed to be mostly produced by the beta decay of "Be, one proposed solution to this discrepancy is a
resonant enhancement of the "Be(d, p)2« reaction rate through the 5/2% 16.7-MeV state in ’B. The 2H(’ Be,d)" Be
reaction was used to search for such a resonance; none was observed. An upper limit on the width of the proposed

resonance was deduced.

DOI: 10.1103/PhysRevC.84.042801

One probe of the conditions present in the early universe is
the primordial abundances produced during Big Bang nucle-
osynthesis (BBN). From comparisons of BBN calculations to
abundances deduced from observations, constraints on early
universe properties can be extracted. BBN calculations con-
strained by Wilkinson Microwave Anisotropy Probe (WMAP)
data estimate the primordial abundances of light nuclei (e.g., D,
4He, "Li) [1]. While predictions of the helium and deuterium
abundances agree with observations, there exists a discrepancy
between the calculated BBN "Li abundance and the primordial

PACS number(s): 26.35.4c, 25.10.+s, 25.30.Bf, 24.30.—v

Cyburt et al. argue that some of the assumptions made in
this earlier measurement may not be valid. Furthermore, (d, p)
protons populating the 16.63-MeV 27 state in ®*Be would have
been missed in that study, since they were below the detection
threshold [3]. In more recent work, Boyd ef al. question
whether the resonance would be populated in the "Be + d re-
action [7]. Clearly more study of possible resonances in 'Be +
d reactions and the 16.7-MeV state in ?B is needed to resolve
these issues.

The *H(’Be.d)'Be reaction was studied at the Holifield
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To produce a ’Li reduction 7Be + t destruction rate comparable to 7Be + n process

1) n >t at the relevant temperature Tg, ~ 50 keV

2) "Be + t collisions suppressed by Coulomb repulsion
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"Be +t

To produce a ’Li reduction 7Be + t destruction rate comparable to 7Be + n process

1) n >t at the relevant temperature Tg, ~ 50 keV

2) "Be + t collisions suppressed by Coulomb repulsion

:T + 3He

\ 4

Small effect due to the strong Coulomb barrier ——» a resonance can not solve the problem!
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6Li(n, t)a cross-section
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1 GBq vs 20 MBq

Neutron Energy (e




L)

Conclusions

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

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

Problem.

The ’Be(n,p)’Li 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 ’Be

solution collected at PSI.

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

results are in a very good agreement.

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

range of interest for the problem.
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