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Bassi et al.; IL Nuvo Cimento 28(1963)1049
       (7Be + Thermal Neutrons)

7Be(n,α) 9.45 MeV

7Be(n,γα) ~8.4 MeV (2+)
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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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7Be + n
Kenneth M. Nollett, ANL, Private Communication, 2011
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Destruction of 7Be:  7Be(n,p)7Li(p,a)
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P.E. Koehler et al.; Phys. Rev. C 37(1988)917.
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ABSTRACT

TheWMAP satellite, devoted to observations of the anisotropies of the cosmic microwave background radiation,
has recently provided a determination of the baryonic density of the universe with unprecedented precision. Using
this, big bang nucleosynthesis calculations predict a primordial7Li abundance that is a factor of 2–3 higher than
that observed in Galactic halo dwarf stars. It has been argued that this discrepancy could be resolved if the
7Be(d, p)2a reaction rate were around a factor of 100 larger than has previously been considered. We have now
studied this reaction, for the first time at energies appropriate to the big bang environment, at the CYCLONE
radioactive-beam facility at Louvain-la-Neuve. The cross section was found to be a factor of 10smaller than
derived from earlier measurements. It is concluded therefore that nuclear uncertainties cannot explain the dis-
crepancy between observed and predicted primordial7Li abundances, and an alternative astrophysical solution
must be investigated.

Subject headings: cosmological parameters — early universe —
nuclear reactions, nucleosynthesis, abundances — stars: Population II

1. INTRODUCTION

Using theWilkinson Microwave Anisotropy Probe (WMAP)
determination of the baryonic density (Bennett et al. 2003;
Spergel et al. 2003), one obtains predictions of the abundances
of the light-element isotopes produced in big bang nucleosyn-
thesis (BBN) (Cyburt et al. 2003; Coc et al. 2002, 2004). While
the overall values from theoretical predictions and from the
observational determinations of the abundances of D and4He
are in good agreement, the theory tends to predict a higher7Li
abundance (by a factor of 2–3) than is observed in the atmo-
spheres of halo dwarf stars (Ryan et al. 2000). The NACRE
compilation (Angulo et al. 1999) provided a new set of reaction
rates that were used to update the predictions of contemporary
BBN (Vangioni-Flam et al. 2000). At that time, the baryonic

1 Current address: Nuclear Structure Laboratory, Department of Physics,
124 Nieuwland Science Hall, University of Notre Dame, Notre Dame, IN
46556.

2 Directeur de Recherches, Fonds National de la Recherche Scientifique,
Belgium.

3 On leave from the RRC Kurchatov Institute, Moscow, Russia.

densities obtained from cosmic microwave background obser-
vations on the one hand and comparison between BBN calcu-
lations and spectroscopic data on the other were only margin-
ally compatible (Coc et al. 2002). In order to improve the
nuclear network, Descouvemont et al. (2004) recently per-
formed a reanalysis of low-energy data from the 10 key nuclear
reactions involved in BBN, by usingR-matrix theory (Lane &
Thomas 1958) and evaluating the remaining uncertainties in a
statistically robust formalism. Using this improved network,
Coc et al. (2004) have calculated BBN light-element produc-
tions assuming for the baryonic density the very precise value
provided byWMAP (Spergel et al. 2003) and obtained7Li/H
p 4.15 #10�10, compared with the observed value Li/H�0.49

�0.45

� (1–2)#10�10, confirming the7Li discrepancy.
However, it has been shown that the7Be(d, p)2a reaction

(which destroys the7Be that is the source of7Li at high baryonic
density) would solve the7Li problem if its cross section were
much higher than assumed (Coc et al. 2004). Importantly, prior
to the present workno direct experimental data at BBN en-
ergies were available (forT p 0.5–1 GK, the Gamow window
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Search for a resonant enhancement of the 7Be + d reaction and primordial 7Li abundances
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Big Bang nucleosynthesis calculations, constrained by the Wilkinson Microwave Anisotropy Probe results,
produce 7Li 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 7Be, one proposed solution to this discrepancy is a
resonant enhancement of the 7Be(d, p)2α reaction rate through the 5/2+ 16.7-MeV state in 9B. The 2H(7Be,d)7Be
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 PACS number(s): 26.35.+c, 25.10.+s, 25.30.Bf, 24.30.−v

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, 7Li) [1]. While predictions of the helium and deuterium
abundances agree with observations, there exists a discrepancy
between the calculated BBN 7Li abundance and the primordial
abundances deduced from extrapolations to zero metallicity
from observations of population II stars, older stars with lower
metallicity. Specifically, the inferred primordial abundance of
lithium from population II stars is 7Li/H = 1.23+0.34

−0.16 × 10−10,
while that calculated with BBN theory using the WMAP
baryonic density is 7Li/H = 5.12+0.71

−0.62 × 10−10 [2,3]. This
discrepancy is known as the cosmological lithium problem and
has been the subject of much interest in recent years [2–7].

Several solutions have been proposed to resolve this
discrepancy. A possible astrophysical solution is that the
current understanding of the stellar processes that deplete
lithium in population II stars needs to be improved [10].
Another possibility is that physics beyond the standard BBN
model is required [1]. A proposed nuclear physics resolution is
that if 7Be is destroyed more quickly in the early universe than
was previously thought, less would be available to decay to
7Li, reducing the predicted BBN abundance [9]. Recent work
by Cyburt et al. showed that if the 5/2+ 16.7-MeV state in 9B
has a 7Be + d resonance energy between 170 and 220 keV and
a deuteron decay width between 10 and 40 keV, then a resonant
enhancement of the 7Be(d,p)2α or 7Be(d,γ ) reaction could
resolve the cosmological lithium problem [3].

A measurement by Angulo et al. using the 7Be(d,p)2α

reaction found no enhancement of the rate compared to prior
calculations and early work by Kavanagh [11,12]. However,

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 2+ state in 8Be would have
been missed in that study, since they were below the detection
threshold [3]. In more recent work, Boyd et al. question
whether the resonance would be populated in the 7Be + d re-
action [7]. Clearly more study of possible resonances in 7Be +
d reactions and the 16.7-MeV state in 9B is needed to resolve
these issues.

The 2H(7Be,d)7Be reaction was studied at the Holifield
Radioactive Ion Beam Facility (HRIBF) at Oak Ridge National
Laboratory (ORNL) [8]. The experiment was performed in
inverse kinematics using a pure 10-MeV 7Be beam with an
average intensity of 5 × 104 7Be/s. The 7Be was produced at
the Institute of Nuclear Research of the Hungarian Academy of
Sciences (ATOMKI) via the 7Li(p, n)7Be reaction and shipped
to ORNL, where it was chemically isolated from the 7Li
and pressed into a powder for use in a sputter ion source. A
mixed 7BeO−/7LiO− beam was extracted from the source and
accelerated in the HRIBF tandem accelerator. At the terminal,
the oxide molecules were broken up at the carbon stripper
foil and the resultant 7Be ions accelerated to full energy. The
beam was then delivered to a gas-filled ionization counter
downstream of the experimental target station where the purity
and intensity could be diagnosed. As seen in Fig. 1, a pure
beam of 7Be was achieved by stripping the beam to charge
state q = 4+ at the terminal of the tandem accelerator.

The 10-MeV 7Be beam was used to bombard a
1.62-mg/cm2-thick CD2 target. Scattered deuterons from the
2H(7Be,d)7Be reaction were detected in an annular silicon
strip detector with an inner radius of 2.4 cm and an outer
radius of 4.8 cm divided into 16 1.5-mm strips. It was placed
about 23 cm from the target covering forward laboratory angles
≈6◦–12◦. Because the energy of the proposed resonance was
low (Ec.m. ≈ 200 keV or Elab ≈ 900 keV), the scattered

042801-10556-2813/2011/84(4)/042801(3) ©2011 American Physical Society
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One fewer solution to the cosmological lithium problem

O. S. Kirsebom1,2,* and B. Davids1

1TRIUMF, Vancouver, British Columbia, Canada, V6T 2A3
2Department of Physics and Astronomy, Aarhus University, DK-8000 Aarhus C, Denmark

(Received 29 August 2011; published 9 November 2011)

Data from a recent 9Be(3He,t)9B measurement are used to rule out a possible solution to the cosmological
lithium problem based on conventional nuclear physics.

DOI: 10.1103/PhysRevC.84.058801 PACS number(s): 26.35.+c, 98.80.Ft

The primordial abundance of 7Li inferred from observa-
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 η = 6.19(15) ×
10−10 [2] determined mainly from measurements of the
cosmic microwave background radiation. In contrast, there
is good agreement for 2H and 4He. Taking into account the
estimated uncertainties on the observationally inferred and
the theoretically deduced 7Li abundances, the significance of
the discrepancy is (4.2–5.3)σ [3]. This constitutes 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
the observationally inferred primordial lithium abundance,1 or
incomplete nuclear physics input for the BBN calculations.
This Brief Report addresses the last possibility.

In standard BBN theory, assuming η = 6.19(15) × 10−10,
most 7Li is produced in the form of 7Be. Only much later,
when the universe has cooled sufficiently for nuclei and
electrons to combine into atoms, does 7Be decay to 7Li through
electron capture. The temperature range of 7Be production
is T � 0.3–0.6 GK, where the main mechanism for 7Be
production is 3He(α, γ )7Be while the main mechanism for
7Be destruction is 7Be(n,p)7Li followed by 7Li(p, α)4He. The
rates of these reactions as well as the reactions that control the
supply of neutrons, protons, 3He, and α particles are known
with better than 10% precision at BBN temperatures [6],
resulting in an uncertainty of only 13% on the calculated 7Li
abundance [3].

A recent theoretical paper [7] explores the possibility of
enhancing 7Be destruction through resonant reactions with
p, d, t , 3He, and α, leading to compound states in 8B, 9B,
10B, 10C, and 11C, respectively. The paper concludes that,
of the known excited states in these isotopes [8,9], only
the 16.8-MeV state in 9B has the potential to significantly
influence 7Be destruction.2 (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

*Corresponding author: oliverk@triumf.ca
1Lithium may be destroyed in metal-poor stars through diffusion

and turbulent mixing [5].
2Reference [10] offers a more optimistic view, but only by adopting

a somewhat flexible approach to basic principles of nuclear physics.

16.8-MeV state in 9B is formed by the fusion of 7Be with a
deuteron and decays by proton emission to a highly excited
state in 8Be, 16.626 MeV above the ground state, which
subsequently breaks up into two α particles. (The last step
is not shown in the figure.) The reason why the decay
must proceed by proton emission to the 16.626-MeV state
in 8Be and not, for example, the ground state is explained
later.

The reaction rate depends critically on the resonance
energy, Er (i.e., the energy of the 16.8-MeV state relative
to the d + 7Be threshold at Sd = 16.4901(10) MeV [8]): if
too far above the threshold, the tunneling process will be too
slow at BBN temperatures. Furthermore, for the proposed
destruction mechanism to be efficient, the 16.8-MeV state
must have an appreciable width, �d , for being formed in the
d + 7Be channel, but also an appreciable width, � − �d , for
not decaying back to d + 7Be. The energetically allowed decay
modes competing with deuteron emission are γ , p, α, and
3He. However, γ and 3He can safely be neglected. A deuteron
width, �d , of the required magnitude can only be realized if the
16.8-MeV state is not too close to the threshold. The analysis
of Ref. [7] shows that the cosmological lithium problem can
be resolved provided Er � 170–220 keV, �d � 10–40 keV,
and � − �d � �d . At the time Ref. [7] was written, the
known properties of the 16.8-MeV state did not contradict
these requirements: The 16.8-MeV state had been observed
in two experiments [11,12]. Its energy was determined to be
16.7 MeV with an uncertainty of 100 keV, and only an upper
limit of 100 keV existed on its total width. Its spin and parity
were not determined, though a tentative 5/2+ assignment was
made [13] based on comparison to the mirror nucleus, 9Be. No
information existed on its decay properties.

As noted in Ref. [7], the simultaneous requirement of Er �
170–220 keV and �d � 10–40 keV is physically possible,
but it implies some rather special properties for the 16.8-MeV
state: a reduced deuteron width comparable to the Wigner limit
and a very large channel radius of at least 9 fm. In addition,
the proposed destruction mechanism could only be reconciled
with the direct measurement of Ref. [14] with considerable
difficulty: the proton and α decay of the 16.8-MeV state
had to be dominated by a single proton-decay branch to
the 16.626-MeV, 2+ state in 8Be, because decays to the
lower-lying states in 8Be would have produced protons of
sufficient energy to be detected by the experimental setup of
Ref. [14].

058801-10556-2813/2011/84(5)/058801(3) ©2011 American Physical Society
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Search for new resonant states in 10C and 11C and their impact on the cosmological

lithium problem
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The observed primordial 7Li abundance in metal-poor halo stars is found to be lower than its
Big-Bang nucleosynthesis (BBN) calculated value by a factor of approximately three. Some recent
works suggested the possibility that this discrepancy originates from missing resonant reactions
which would destroy the 7Be, parent of 7Li. The most promising candidate resonances which were
found include a possibly missed 1− or 2− narrow state around 15 MeV in the compound nucleus
10C formed by 7Be+3He and a state close to 7.8 MeV in the compound nucleus 11C formed by
7Be+4He. In this work, we studied the high excitation energy region of 10C and the low excitation
energy region in 11C via the reactions 10B(3He,t)10C and 11B(3He,t)11C, respectively, at the incident
energy of 35 MeV. Our results for 10C do not support 7Be+3He as a possible solution for the 7Li
problem. Concerning 11C results, the data show no new resonances in the excitation energy region
of interest and this excludes 7Be+4He reaction channel as an explanation for the 7Li deficit.

PACS numbers: 26.35.+c, 25.55.Kr, 24.30.-v, 29.30.-h, 29.30.-h

The primordial nucleosynthesis of light elements 2H,
3,4He and 7Li, together with the expansion of the Uni-
verse and the cosmic microwave background (CMB)
are the three observational pillars of the standard Big-
Bang model where the last free parameter was the bary-
onic density of the Universe, Ωb. A precise value for
this free parameter has been deduced from the analy-
sis of the anisotropies of the CMB as observed by the
Wilkinson Microwave Anisotropy Probe (WMAP) satel-
lite (Ωbh

2=0.02249±0.00056) [1] and more recently by
the Planck mission (Ωbh

2=0.02207±0.00033) [2].
A comparison between the calculations of the primor-

dial abundances of the light nuclei and the observa-
tions reveals a good agreement for helium and an ex-
cellent agreement for deuterium. In contrast, the the-
oretical predictions show a discrepancy by a factor of
≈ 3 for 7Li abundance [3, 4]. Indeed, at the baryonic
density of the Universe, Ωbh

2, derived from the CMB
anisotropies, the predicted BBN abundance of 7Li is:

∗ Corresponding author: hammache@ipno.in2p3.fr
† Present address Department of Physics, University of Surrey,
Guildford, GU2,5XH, United Kingdom

‡ Present address GANIL, CEA/DSM-CNRS/IN2P3, Caen,
France

§ Present address Vinc̆a Institute of Nuclear Sciences, University
of Belgrade, Serbia

(7Li/H)BBN=(5.12+0.71
−0.62)×10−10 [3] when using WMAP

data or (4.89+0.41
−0.39)×10−10 [5] with the Planck data. On

the other hand, the observed 7Li abundance, derived
from the observations of low-metallicity halo dwarf stars,
was found to be (7Li/H)halo∗ = (1.58 ± 0.31) × 10−10

[6]. This significant discrepancy between the observa-
tions and the BBN predictions is known as the ”lithium
problem” [7].

Several ideas were addressed to try to explain this 7Li
problem [8]. Some conceived the idea that the 7Li deficit
points toward physics beyond the standard model such
as decay of super-symmetric particles [8]. Others have
suggested that the problem could be due to 7Li stel-
lar destruction in the atmosphere of the halo stars [9].
However, a uniform destruction of 7Li over the so-called
Spite-plateau region seems difficult [10]. Finally, several
authors investigated the nuclear aspect of the problem
concerning the 7Li abundance [11–13]. The main process
for the production of the BBN 7Li at Ωbh

2 is the decay
of 7Be which is produced in the reaction 3He(4He,γ)7Be.
Direct measurements of this reaction cross–section were
performed by several groups resulting in a significant re-
duction of the thermonuclear reaction rate uncertainty
[14], but no solution to the 7Li problem. More gener-
ally, the experimental nuclear data concerning the 12
main BBN reactions are sufficient to exclude a solution
in this region, so that one has to extend the network to
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Destruction of 7Li and 7Be in astrophysical environments * 
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The destruction of 7Li and 7Be in astrophysical environments is essential for under- 
standing several stellar and cosmological processes and is not well understood, though 
earlier 7Li + 3He experiments have .been performed [I]. The primordial abundance of 
7Li after Big Bang Nucleosynthesis (BBN) plays a major role in our understanding of 
the early universe [a]. The value of the baryon to photon ratio (q) deduced from BBN 
combined with measurements of the cosmic microwave background provide some of the 
strongest and earliest evidence for the existance of non-baryonic dark matter [2]. The 
destruction of 7Be during the hot-pp cycle may alter our conclusions on the production 
of carbon in this process, which is thought to compete with the triple-a process for the 
production of “C, as the reaction 7Be(3He, 2cu)2p competes with 7Be(4He, y)llC and may 
reduce carbon production [3]. These stellar and cosmological environments involve high 
temperatures, and thus, effective burning energies (Gamow windows) that are quite high. 
Experiments using 7Be targets inevitably involve interactions with 7Li as background due 
to the 7Li daughters from the beta decay of 7Be. The experiments were performed at 
the Weizmann Institute VDG Laboratory using 3He beams from 390 keV to 1130 keV on 
‘LiF foil targets and 7Be implanted ta.rgets. Results from measurements using 10 /Ig 7LiF 
foil targets will be discussed. 
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We Need a Thin and Clean 
7Be Target 

Implanted into thin foil(!) 
  

Similar to the 7Be target Produced  
at ISOLDE/PSI for Weizmann Inst * 

 
(~300 mCi/ 30 mCi 478 keV gamma,  

8 mm diameter) 
 
target: ~ 1.0 x1017   7Be/cm2 
Beam: ~109 /sec (30-100 keV) 
L  = 1026 /cm2 sec (2.8 µb-1 HR-1) 
ε /2π  = ∼100%  (M=2)  
Lσε  > 70 CPD 
σ  >  1 µb (One Day) 
 

Design Goal Sensitivity = 1 µb 
 
*  L.T. Baby et al.; Phys. Rev. C 67(2003)065805. 



Separation Scheme for the 7Be separation 
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10B Implantation Chamber at the ISOLDE Off Line Ion Separator



Christoph Seiffert et al.;  CERN/ISOLDE
     Implanted 10B target

10B(n,α1)7Li*(.477)
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LiLiT

• Liquid lithium jet target 
• Proton energy: ~2 MeV. 
• Proton current: <3.5 mA. 
• Up to 8 1010 n/sec 
• T  2300C.
• Tmax  3500C.

Feinberg et al,  
Nucl Phys A827 
 (2009) 590C 

Michael Paul, Hebrew University, Jerusalem, P.I.
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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.
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Ralph H. France III, Ph.D. thesis, Yale, 1995







parasitic gamma radiation (mainly 478 keV gammas from inelastic
proton scattering (p,p'γ) in lithium). For the attenuation of γ-ray
dose at the patient station, a shield of �2 cm thick lead between
the target and the neutron moderator is considered to reduce the
dose down to within healthy tissues tolerance levels (Nakagawa
et al., 2003). A study of the suitable assembly geometry and
material was performed. Simulations of the neutron transport
through the 1.5 mm thick lithium (thickness of the film in the
nozzle) and the beam shaping assembly are conducted using the
code MCNP (Briesmeister, 1997). The neutron source was defined
as originating from the 7Li(p,n)7Be reaction with protons at
1.91 MeV. The differential neutron yield surface for EpE1.91 MeV,
with energy and angular distribution, was calculated using a code
written based on a method described by Lee and Zhou (1999). At
this energy the emitted neutrons are forward-collimated into a
cone with a full-opening angle of 7601, average energy of 42 keV,
well-suited to BNCT of deep-seated tumors, and a total yield of
2.4�1010 n/s/mA. According to the simulations polyethylene was
chosen as a suitable moderator material, of the near threshold
neutrons, with thickness of 1.3–2 cm.

3.1. Van de Graaff neutron irradiation

In order to prepare the experiments to be performed with the
SARAF–LiLiT setup and in order to verify our simulations, 7Li(p,n)

near threshold neutron irradiation experiments were conducted at
the Van de Graaff accelerator of the Weizmann Institute of Science.
In these experiments the dose due to boron neutron capture
reaction products (i.e. 10B dose) was measured directly using a
novel approach with CR-39 plastic track detectors.

The proton beam bombarded thin layers of �1mg/cm2 LiF,
evaporated on a water-cooled copper backing. The copper backing
was cooled by a water sleeve not interfering with the neutron path
(Fig. 2a). In each experiment, a new target was installed on the
accelerator beam line. At the end of each irradiation, the target was
taken to a gamma spectrometer to analyze the 7Be (53.3 d) activity
produced by the 7Li(p,n)7Be reaction, allowing us to derive the total
number of neutrons produced during the experiment.

As a first step, a 3He-filled gridded ionization chamber neutron
spectrometer (Cuttler et al., 1969) was placed downstream of the
target, at a distance of 34 cm. The ionization chamber was used
mainly to calibrate the Van de Graaff accelerator proton energy by
scanning the neutron production in the energy region around the
7Li(p,n) threshold (1.880 MeV). The neutrons spectrum measure-
ments revealed a typical near-threshold 7Li(p,n) spectrum, with
most probable energy around 30 keV.

Following the energy calibration, the proton energy was set to
1.91 MeV. A 1 cm thick polyethylene moderator adjoined to a
20�20�20 cm3 water phantom with polymethyl methacrylate
(PMMA) walls, simulating a targeted patient, were positioned

1.91 MeV protons

3.5 µm LiF layer

Fig. 2. (a) Schematic illustration of the setup used for preliminary experiments at the Van de Graaff accelerator. The proton beam at 1.91 MeV bombards a conventional solid
�1 mg/cm2 (3.5 μm) LiF target evaporated on a Cu 1 mm thick substrate; (b) Photograph of the setup at the end of the beam line, showing the water-filled phantom. 10B–CR-
39 monitors (see fig. 3) were inserted at different water depths.

Li

n
α

CR’s
10B C

Fig. 3. (a) 10B dosimeter design, based on a pair of CR-39 detectors sandwiching a thin (20 μg/cm2) 10B target on a 20 μg/cm2 C backing. (b) 20 μg/cm2 enriched 10B target on
20 μg/cm2 C backing attached to CR-39.
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Emily E. Kading, LNS at Avery Point, June 16, 2014
Soreq, IL: TASLIMAGE Computer Scanning System

gai
Highlight

gai
Highlight

gai
Rectangle

gai
Rectangle

gai
Rectangle

gai
Rectangle

gai
Rectangle

gai
Rectangle

gai
Rectangle



M. Izerrouken et al.; Radiation Measurements 31(1999)141
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 Interactions of Neutrons with 7Be 
     (US-Israel-Switzerland Collaboration) 
   
  1) 7Be sample at PSI up to 200 GBq  √  
 
  2) Implantation setup at ISOLDE  √  
 
  3) Neutron beam at SARAF/ LiLiT  √  
 
  4) Develop CR-39, Summer/Fall 2014 

Measure 10B(n,α)7Li with CR-39, Fall/Spring 2015 
Implant 7Be, Spring/Summer 2015 
Measure with CR-39: σ[7Be (n,α)]/σ[7Be(n,p)] 

 
 5) Develop Twin Ionization Chamber Gas Detector 

Measure 10B(n,α)7Li with IC, Fall 2015 
Implant 7Be, Spring 2016 
Measure 7Be(n,α) with Split IC 
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