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Measurement of the cross section of the 7Be(n,α)α  Reaction 
and the Problem of Primordial 7Li 

M. Gai (Yale and UConn) and L. Weissman (Soreq) 

Abstract: 

The disagreement of the predicted abundance of primordial 7Li with the observed 
abundance is a longstanding problem in Big Bang Nucleosynthesis (BBN) theory. 
While BBN theory correctly predicts the abundances of 1H, 2H, 3He and 4He (that 
vary over five orders of magnitudes), it over predicts the abundance of primordial 7Li 
by a factor of approximately 2.5-4.5 (approximately 4-5σ discrepancy). Primordial 
7Li is copiously produced directly (e.g. via the 6Li(n,γ) reaction etc.) but later during 
the first 4-15 minutes approximately 99% of the so produced 7Li is destroyed 
primarily via the 7Li(p,α) reaction. Hence most of the predicted primordial 7Li is 
predicted to be produced via the (electron capture beta) decay of the primordial 7Be 
that is produced primarily in the 3He(α,γ) reaction. We propose to investigate the 
destruction of 7Be during (the first 10-15 minutes of) BBN via the 7Be(n,α) reaction. 
If during that time the majority of the primordial 7Be is destroyed (before decaying to 
7Li) it will lead to a reduction of approximately 3 of the predicted abundance of the 
primordial 7Li, hence a resolution of the long standing disagreement. The rate of the 
7Be(n,a) reaction relies on unpublished and not very well documented cross section of 
thermal neutron (only) measured in the 60’s and tabulated for the first and last time by 
Wagoneer et al. in the 60’s. We propose to measure the cross section of the 7Be(n,α) 
reaction with neutron beams that mimic a quasi Maxwellian flux at 50 keV. A 
prototype experiment and the proposed final experiment could be performed at Phase 
I of SARAF using the LILIT target. 
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Fi gure 1. The nuclear network used in BBN calculations .
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Kenneth M. Nollett, ANL, Private Communication, 2011
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Figure 3: Energy levels of 8Be. For notation see Fig. 2.
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Table 8.9: Energy levels of 8Be

Ex (MeV ± keV) Jπ; T Γcm (keV) Decay Reactions

g.s. 0+; 0 5.57 ± 0.25 eV i α 1, 2, 4, 5, 10, 11, 12, 13,
14, 19, 20, 21, 22, 23,
25, 28, 29, 30, 31, 33,
36, 39, 40, 41, 42, 43,
44, 45, 46, 47, 50, 51,
52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62

3.03 ± 10 i 2+; 0 1513 ± 15 i α 2, 4, 5, 10, 11, 12, 13,
14, 19, 20, 21, 22, 24,
27, 28, 29, 30, 31, 33,
36, 40, 41, 42, 43, 44,
50, 51, 53, 54, 61

i,j 2+ 4, 24, 27, (29)

11.35 ± 150 i 4+; 0 ≈ 3500b α 4, 12, 13, 19, 21, 29, 30,
31, 41, 51, 53, 54

16.626 ± 3 2+; 0 + 1 108.1 ± 0.5 γ, α 2, 4, 10, 11, 13, 14, 19,
20, 21, 27, 29, 30, 31,
40, 41, 44, 51, 53

16.922 ± 3 2+; 0 + 1 74.0 ± 0.4 γ, α 2, 4, 10, 11, 13, 14, 19,
20, 21, 29, 30, 31, 40,
41, 44, 51, 53

17.640 ± 1.0 f 1+; 1 10.7 ± 0.5 γ, p 5, 11, 14, 16, 19, 20, 29,
30, 31, 41, 53

18.150 ± 4 1+; 0 138 ± 6 γ, p 11, 14, 16, 19, 20, 29,
30, 41, 44

18.91 2−; 0(+1) 122 e γ, n, p 11, 14, 15, 16, 19, 23

19.07 ± 30 3+; (1) 270 ± 20 γ, p 11, 14, 16, 19, 29, 30

19.235 ± 10 i 3+; (0) 227 ± 16 i n, p 15, 16, 19, 29, 30, 31,
41, 64

19.40 1− ≈ 645 i n, p 11, 15, 16, 29

19.86 ± 50 g 4+; 0 700 ± 100 p, α 4, 11, 18, 21, 22, 30, 31,
41

20.1 h 2+; 0 880 ± 20 i n, p, α 4, 15, 16, 18, 19, 22, 41

20.2 0+; 0 720 ± 20 i α 4, 19, 41

20.9 4− 1600 ± 200 p 16

21.5 3(+) 1000 γ, n, p 14, 15, 41

22.0 c 1−; 1 ≈ 4000 γ, p 14
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Nuclear reaction network for primordial nucleosynthesis

Figure 21. The data and fit for the S factor of the 4He + 3H ↔ γ + 7Li reaction.

move the estimate of the non-resonant contribution upwards by more than a factor of ten,
thus further increasing its role. Though sub-leading, it is worthwhile to note that within
the actual uncertainties and assuming the WMAP range for ωb, this process acquires a
role comparable to that of 7Li + p → 4He + 4He and 4He + 3H → γ + 7Li reactions in
determining the final prediction of 7Li. The data sets used in our analysis are [160]–
[162]. We estimate an overall error of 3% and a large value of the normalization spread
parameter, ε ∼ 0.14.

3.5.4. Reaction be7nα: 7Be + n ↔ 4He + 4He. To our knowledge, evaluations for the
rate of this reaction have only been published in [9] and [23], without information on the
sources of the data and error estimate. We did not find further analysis in the subsequent
compilations by Fowler et al [10]. The two data sets of the reverse process published
in [163, 164] refer to centre of mass energies of the direct one greater than 0.6 MeV, thus
leaving a great uncertainty in the BBN window. They seem to be roughly consistent with
the old estimate of the rate, and a new one in view of so scarce data would make little
sense. For this reason we adopted Wagoner’s rate, assuming a factor of ten uncertainty,
as he suggested as a typical conservative value. Within this allowed range, this reaction
could play a non-negligible role in direct 7Be destruction, so it would be fruitful to have
a new experimental determination. Apart from the role of unknown or little known 8Be
resonances, it is however unlucky that the used extrapolation may underestimate the rate
by more than one order of magnitude, as this process mainly proceeds through a p-wave.

Journal of Cosmology and Astroparticle Physics 12 (2004) 010 (stacks.iop.org/JCAP/2004/i=12/a=010) 44
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The 7Li(p,n)7Be reaction for production of stellar neutrons 

Ep = 1912 keV 
ΔE=1 keV 

W. Ratynski and F. Kaeppeler,  
PR C 37, 595 (1988) 
FZ Karlsruhe, Germany 

Q = -1644 keV 

Eth= 1880 keV 
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ΔE > 7 keV En ≈ 30 keV 
Secondary 
activation 

target 

The activation experiment scheme 

The unique opportunity at SARAF: 

High intensity proton beam        +        Liquid lithium target 

High intensity neutron beam 
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Institute [16].  The alpha-particles will be detected by two large area (400 mm2) thin 
(50 µm) Si detectors that will be placed around the target as shown in Fig. 4. The full 
energy of approximately 19 MeV deposited in the two silicon detectors (in an almost 
calorimetric geometry) will be measured only for events where sufficient energy is 
deposited in both silicon detectors. 

 

Fig.4: The experimental scheme 
The main challenge of the experiment will be the detection of low energy alpha-
particles in the presence of large background from epithermal neutrons and the 
radioactive target. In order to study the background and the feasibility of the final 
measurement we propose a prototypical experiment using the 10B(n,α)7Li reaction to 
measure coincidences between the (considerably lower energy) byproducts of 7Li 
(0.84 MeV) and the alpha-particle (1.47 MeV), as shown in Fig. 5. The use of a stable 
boron target rather than 7Be radioactive target will simplify significantly the 
experiment and will allow us to test the setup and study neutron induced background. 
The boron compound will be deposited on a thin foil [17] to allow transmission of the 
low energy alpha-particles. The geometry of the boron target will be identical to the 
7Be target. The cross-section of the 10B(n,α)7Li reaction is well known hence this 
reaction could be used for verifying the neutron flux that will be measured 
independently. In addition the cross section of the 7Be(n,α) reaction can be measured 
relative to the known cross section of the 10B(n,α) by using a two foil target that 
includes both 7Be and 10B. Such a ratio measurement will eliminate several 
systematical uncertainties. Example of a spectrum of the 10B(n,a) reaction collected at 
Yale [17] is shown in Fig. 5. This spectrum was measured with the very same silicon 
detectors that we propose to use and that are still available at Yale University for use 
in this study. 
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Typical B10 (n,α) Li7 Spectrum
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Figure 4.6: Typical Spectrum from the 10B(n,α)7Li Reaction used to
calibrate our alpha array at low energies exhibiting energy resolution
of FWHM = 55 keV at 1.5 MeV.

(~10 keV / ch)

Ralph H. France III, Ph.D. thesis, Yale, 1995



We Need a Clean and Thin 
7Be Target 

(~100 mCi 0.4x0.4 cm2) 
 
target: ~1017   7Be/cm2 
Beam: ~109 /sec (30-50 keV) 
L  = 1026 /cm2 sec 
ε /4π  = 15%  (M=2 →  30%)  
Lσε  > 10 CPH 
σ  >  0.1 mb 
 
Design Goal Sensitivity = 0.1 mb 
(Current: ~ 200 mb at 50 keV) 




