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Abstract. The radiative neutron capture process plays an important role in Big Bang Nucleosynthesis (BBN)
models. Recent measurements of the deuterium abundance in high-redshift hydrogen clouds have allowed a precise
comparison of the light elemental abundances with BBN-model predictions. These measurements have also
demonstrated the need for more precise cross section data. In particular there are very few measurements of the
np?d? cross section in the energy region of interest to BBN,none of which cover the important energy range of 50-
400keV. Measurementsof this cross section are being undertakenat the WNR facility of the Los Atamos Neutron
ScienceCenter (LANSCE).

INTRODUCTION

The radiative neutron capture cross section of
hydrogen plays an important role in testing the
predictions of Big Bang Nucleosynthesis (BBN)
models. The deuterium abundance or D/H ratio has
been described as a “cosmic barometer” [1], i.e. a
means of determining the upper limit to the primeval
baryon density. This is because only big bang
processes contribute to the production of deuterium
whereas astrophysical processes tend to destroy it.
The D/H ratio depends on both the baryon density
and the neutron capture cross section of hydrogen.

Recently, measurements of deuterium abundances
in high–redshift hydrogen clouds have been made to
an accuracy of about 10?ZO[2,3], allowing a precise
comparison of the light elemental abundances with
BBN–model predictions. The uncertainty in these
measurements is also expected to decrease
significantly in the next few years[ 1]. However, there
is an almost complete lack of data[4] for the n(p,d)y
reaction at energies of interest to BBN. Only three
sets of measurements have been performed [5] , none
of which covers the important energy range of 50–
400keV. This cross section is therefore a limiting
factor in the precision of calculations and BBN–
model development.

Measurements of this cross section are being
undertaken at the WNR facility of the Los Alamos
Neutron Science Center (LANSCE), with the goal of

obtaining results in the energy region of interest with
an uncer~ainty of approxima~ely 5Y0.

EXPERIMENTAL ARRANGEMENT

The experimental arrangement is very simple. It
consists of a germanium detector, polyethylene target
and shielding for the detector as shown in Figure 1.
Neutrons are produced at the WNR facility by
impinging a pulsed 800MeV proton beam onto a
tungsten target. Neutron energies are obtained from
the resulting white spectrum neutron beam by using
time–of–flight techniques. The detector is located
approximately 10m from the neutron production
target. The proton beam consisted of pulses 15ns
wide and 3.6vs apart. The neutron ilux was
monitored by using a fission chamber with a ‘5U
fission foil.

RESULTS

The polyethylene target provides the ability to
perform a relative measurement of the rip-capture
cross section by comparing with the well–known
inelastic neutron scattering cross section of ‘2C, The
‘2C(n,n’) cross section was obtained by generating
gamma-energy versus neutron energy matrices and
gating on the neutron energy. The area under the
4.4MeV gamma peak in the resulting spectrum was
then obtained. A sample gate on neutron energies
between 5 and 6 MeV is shown in Figure 2.
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Figure 1. Experimental Arrangement
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Figure 2. Sample Gamma Spectrum, En5-6 MeV

Using the area under the peak and the relative
neutron flux obrdined from the fission chamber
allows a relative cross section measurement to be
obtained as a function of neutron energy. The
relative cross section is shown in F~gure 3 where it is
compared with previous measurements performed at
WNR on a different flight path[6]. A relative
norrmdization has been performed to account for the
efficiencies of the fission chamber and germanium
detector, and the previous dam set has been rebinned
and convoluted to match our energy binning and
time-resolution. As can be seen in the figure, there is
good general agreement between the two independent
measurements.
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Figure 3. ‘2C (n,n’y) Cross Section Comparison

predicted to be approximately 50 microbams at
200keV[7] (compmed with 0.26 barns at 6.5 MeV for
carbon inelastic scattering) we are currently unable to
extract the cross section from the data. The count
rate for the reaction should be able to be increased by
increasing the beam intensity and
efficient germanium detector.

CONCLUSION

using a more

The rip-capture cross section is of significant
importance to studies of big bang nucleosynthesis.
The measurements described here are the first to
cover the energy region of interest to BBN and with
further statistics, will provide cross section data with
uncertainties on the ord”erof s~o.

ACKNOWLEDGMENTS

This work is supported in part by the US
Department of Energy under Contract W-7405 -
ENG-36.

There are currently limited statistics in the dard
set. Because the rip-capture cross section is



REFERENCES

1. D.N. Schramm and M.S. Turner, Rev. Mod. Phys 70,
303 (1998).

2. S. Buries and D. Tytler, As@zys. ./. 499,699 (1998).

3. S. Buries and D. Tytler, Asmphys. ./. 507,732 (1998).

4. S. Buries, K.M. Nollett, J.W. Truran, M.S. Turner,
Phys. Rev. Lert. 82,4176 (1999).

5 Y. Nagi, T.S. Suzuki, T. Kikuchi, T. Shims, T. Kii,
H. Sate, Phys. Rev. C 56,3173 (1997).

6. R.O. Nelson (private communication).

7. ENDF/B-VI Data Files.


