
Laboratory Astrophysics Example
Reaction: 7Be(p,𝛾)8B 
Reference: B.W. Filippone, et al, Phys Rev C 28(1983)222228 PROTON CAPTURE CROSS SECTION OF Be AND THE FLUX. . . 2223

0.045+0.011 keV b.
It is important to note that nearly all of the experiments

discussed above ' "relied on the value of the Li(d, p) Li
cross section at the Ed ——0.77 MeV resonance to determine
the absolute Be(p,y) B cross section (see Sec. III). The
resulting S factors depend linearly on the Li(d,p) Li cross
section. The values for this cross section used in the
above analyses ranged from 176 to 211 mb; however, two
recent measurements of this cross section have obtained
146+13 (Ref. 13) and 148+12 mb. '
In light of the key role played by the Be(p,y) B reac-

tion in the determination of the Cl solar neutrino cap-
ture rate, we have measured the cross section down to
E, ~ =117 keV (Ez——134 keV) by detecting the 13+-
delayed a particles. Two independent methods were used
to determine the absolute value of the cross section, one of
which is independent of the Li(d,p) Li reaction. The
zero-energy S factor from the present experiment is com-
bined with solar model calculations to determine a new
value for the predicted Cl solar neutrino capture rate.

II. EXPERIMENTAL PROCEDURE
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FIG. 1. Schematic diagram of the target apparatus.

Proton beams were obtained from the Argonne Nation-
al Laboratory 4.5 MV dynamitron accelerator, with
currents between 4 and 8 pA, limiting the beam power on
target to &5 W. Following magnetic analysis the beam
was collirnated to produce a beam spot of 3.2 mm on tar-
get. For the lower energy points a quadrupole doublet was
used to focus the beam. In order to ensure a stable, uni-
form beam spot, a sawtooth-wave voltage was applied to
two orthogonal sets of parallel plates (at incommensurate
frequencies) prior to beam collimation. While most of the
measurements utilized the H+ beam, the lowest energy
point (E, =117 keV) employed an H2+ molecular ion
beam. This beam permitted a measurement at a proton
energy below the normal energy range of the machine.
The energy scale of the dynamitron was determined to
+0.5%%uo from thick target yield curves at resonances in the
' F(p,ay)' O reaction at proton energies of 224.4, 340.46,
and 872.11 keV.
The experimental apparatus, shown schematically in

Fig. 1, is essentially the same as that used for the
Li(d, p) Li cross section measurement of Ref. 14. The
target was mounted on a rotating arm and could be
transferred (transfer time -0.3 sec) from the bombard-
ment chamber to the counting chamber by a signal to the
stepping motor. A collimated silicon surface barrier
detector with 300 mm active area and 23 pm depletion
depth was mounted in the counting chamber to detect the
P+-delayed a particles. The detector was mounted in a
"near" geometry configuration of —2 mm target-
collimator distance. In this tight geometry the use of a
very thin detector is required because of the large back-
ground of electrons produced by the 478 keV y rays from
the Be target (-3&& 10 y/sec). To help reduce this back-
ground the detector mount and collimator were made
from low Z material and the detector itself was of the
ring-mount-type in which the thin silicon crystal is sup-
ported only by a ceramic ring. The system was pumped

by a turbomolecular pump in the counting chamber and
large area liquid nitrogen-cooled surfaces in the bombard-
ment chamber to a pressure of (5&&10 Torr. The use
of an oil-free pump and cold surfaces near the beam limit-
ed the proton energy loss due to carbon buildup on the
target to &3 keV throughout the course of the experi-
ment.
The solid angle of the detector in the "near" geometry

was measured to be (23.1+1.5)%%uo of 4n sr. This was
determined by comparing the yield of a particles from the
Li(d, p) Li~ Be*~2a reaction in the "near" geometry to
that in a "far" geometry in which the target-collimator
distance was 22.2 mm. An average value from the mea-
sured geometry and a calibrated 'Am source then gave
the solid angle in the "far" geometry. The current in-
tegration of the beam and the control of the timing cycle
are described in Ref. 14. The intervals of the timing cycle
were the following: t& = beam on target =1.50 sec; t2=
transfer to counting =0.52 sec; t3= counting =1.50 sec;
t&= transfer to bombardment =0.52 sec.
The Be used in the preparation of the target was pro-

duced via the Li(p, n) Be reaction at the Argonne dynami-
tmn. A pmton beam of 3.6 MeV bombarded a chemically
purified and isotopically enriched 25 mg/cm Li metal
target, produced by vacuum evaporation onto a water-
cooled Cu backing. Approximately 120 mCi of Be were
produced from the 5000 pAh bombardment. After bom-
bardment Be was chemically separated and purified by
repeated solvent extraction and ion exchange. It was then
deposited onto a 0.25 mm thick Pt disk by the molecular
plating method, ' which involves high voltage electro-
deposition from an organic solution. The target was then
flamed red-hot in air for several minutes to convert the
Be to beryllium oxide and to remove any volatile contam-
inants. The final target consisted of -80 mCi of Be
(-0.23 pg) and -7 pg of solids. Details of the target
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Results of the Measurement
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FIG. 7. Total cross section for the Be(p,y)'B reaction as a
function of the center of mass energy. The dashed curve is the
nonresonant direct capture part of the cross section, the dashed-
dot curve is the resonant cross section using the parameters dis-
cussed in the text, and the solid curve is the sum of the two. If
not shown, the error bars (statistical only) are smaller than the
data points.
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trostatic repulsion —the so-called Coulomb explosion.
The net effect of this explosion is to give an overall energy
spread to the beam which is symmetric about the beam
energy. Simple kinematic considerations, in addition to
experimental measurements, indicate that the energy dis-
tribution is a semicircle centered at the beam energy and
that the radius of this semicircle (the maximum energy de-
viation) is proportional to the square root of the incident
beam energy. Calculations of the average energy were
performed with such an energy spread by integrating Eq.
(5) over all possible energies from the distribution. Even
if the energy spread were 4—5 times that which would be
expected on the basis of the above discussion (the expected
spread is hE =+2 keV), because this spread is symmetric
about the beam energy, the calculated average energies
would differ by «1% from those calculated without in-
clusion of the Coulomb explosion.
The center of mass energy has been obtained fram the

average energy with the expression E, =0.87444EP.
The uncertainty attached to E, was +3 keV or 0.5%,
whichever was larger. This includes uncertainties in the
energy calibration, the extrapolated stopping powers, the
extracted energy loss from the Li(p, y) Be resonance, as
well as uncertainties in the energy lost in the carbon build-
up on the target. The above error in E, amounts to an
additional uncertainty in the S factors of 11% and 5% at
the two lowest energy points, and only 3% or less at all
other energies.
The cross section and derived S factor for the
Be(p,y) B reaction as a function of E, are displayed in
Figs. 7 and 8. The error bars correspond to relative errors
due to counting statistics. Also shown is a least-squares
best-fit normalization of the calculation af Tombrello to

O. IO—

I I I l
I I $ )

I I I
l

0.08—

+~ 0.06—

0.04—

D.O2 T4

0, , ) I . , l

0 400 800 I200
E (keV)

FIG. 8. Be(p,y) 8 S factor versus center of mass energy.
The solid curve is a least-squares normalization of the calcula-
tion of Ref. 6 to the off-resonance data.

The cross section data display a prominent resonance at
E, =0.63 MeV atop the direct capture part of the cross
section. This resonance corresponds to the 0.77 MeV first
excited state in B. By subtracting the nonresonant part
from the total cross section, the resonant cross section can
be used to obtain the resonance parameters. A least-
squares normalization of the calculation of Tombrello to
the data for E, &400 keV (where the resonance should
give little contribution) yields the nonresonant part of the
cross section. The resonant cross section can then be fit to
a resonance curve of the single-level Breit-Wigner form,
including energy-dependent widths determined by the
penetrability and y ray multipolarity. Such a fit yields a
center of mass resonance energy of 632+10 keV, a total
width (assuming I „~~I&) of I, =37+5 keV, and a
peak resonant cross section of 1180+120 nb. With these
values the radiative width of' the resonance is found to be
I"&——0.025+0.004 eV. This is in fair agreement with a
number of shell model calculations which predict values
of I z from 0.019 to 0.021 eV.
As discussed in Sec. I, most previous workers have

determined S&7(0) by a least-squares normalization of the
calculation of Tombrello to experimental cross sections.
Such a normalization to the data from this experiment
gives a value of S&7——0.0217+0.0025 keVb, where the er-
ror includes uncertainties in E, , the Be areal density,
the solid angle, the fraction of a particle yield above the
energy cut, as well as in the normalization procedure. The
data used for this normalization were in the range
E, &525 keV and E, &850 keV. That this range is
effectively outside the resonance region was checked by

the off-resonance data. In Sec. IV we describe the calcula-
tion of the zero-energy S factor S&7(0) from these data and
note the effect on the expected Cl solar neutrino capture
rate.

IV. DISCUSSION
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E, =0.63 MeV atop the direct capture part of the cross
section. This resonance corresponds to the 0.77 MeV first
excited state in B. By subtracting the nonresonant part
from the total cross section, the resonant cross section can
be used to obtain the resonance parameters. A least-
squares normalization of the calculation of Tombrello to
the data for E, &400 keV (where the resonance should
give little contribution) yields the nonresonant part of the
cross section. The resonant cross section can then be fit to
a resonance curve of the single-level Breit-Wigner form,
including energy-dependent widths determined by the
penetrability and y ray multipolarity. Such a fit yields a
center of mass resonance energy of 632+10 keV, a total
width (assuming I „~~I&) of I, =37+5 keV, and a
peak resonant cross section of 1180+120 nb. With these
values the radiative width of' the resonance is found to be
I"&——0.025+0.004 eV. This is in fair agreement with a
number of shell model calculations which predict values
of I z from 0.019 to 0.021 eV.
As discussed in Sec. I, most previous workers have

determined S&7(0) by a least-squares normalization of the
calculation of Tombrello to experimental cross sections.
Such a normalization to the data from this experiment
gives a value of S&7——0.0217+0.0025 keVb, where the er-
ror includes uncertainties in E, , the Be areal density,
the solid angle, the fraction of a particle yield above the
energy cut, as well as in the normalization procedure. The
data used for this normalization were in the range
E, &525 keV and E, &850 keV. That this range is
effectively outside the resonance region was checked by

the off-resonance data. In Sec. IV we describe the calcula-
tion of the zero-energy S factor S&7(0) from these data and
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Cross Section σ(E)
S0(E)

“Weak function”



From the Compilation

C. Angulo et aL/Nuclear Physics A 656 (1999) 3-183 51 

T9 low adopt high exp ratio T9 low adopt high exp ratio 
0.003 1.43 1.60 1.77 - 2 4  0.9 
0.004 7.90 8.83 9.78 - 2 2  0.9 
0.005 7.00 7.83 8.67 - 2 0  0.9 
0.006 2.13 2.38 2.64 - 1 8  0.9 
0.007 3.25 3.64 4.03 - 17 0.8 
0.008 3.07 3.44 3.80 - 16 0.8 
0.009 2.05 2.29 2.53 - 15 0.8 
0.01 1.05 1.17 1.29 -15  0.8 
0.011 4.35 4.86 5.38 - 1 4  0.8 
0.012 1.53 1.71 1.90 - 1 3  0.8 
0.013 4.73 5.29 5.85 - 1 3  0.8 
0.014 1.30 1.46 1.61 - 1 2  0.8 
0.015 3.28 3.66 4.05 - 1 2  0.8 
0.016 7.60 8.50 9.40 - 12 0.8 
0.018 3.37 3.76 4.16 -11 0.8 
0.02 1.21 1.35 1.50 - 1 0  0.8 
0.025 1.56 1.74 1.93 - 9  0.8 
0.03 1.09 1.22 1.35 - 8  0.8 
0.04 1.84 2.05 2.27 - 7  0.8 
0.05 1.35 1.51 1.67 - 6  0.8 
0.06 6.17 6.90 7.64 - 6  0.8 
0.07 2.06 2.31 2.55 - 5  0.8 
0.08 5.56 6.22 6.88 - 5  0.8 
0.09 1.28 1.43 1.59 - 4  0.8 
0.1 2.63 2.94 3.25 - 4  0.8 
0.11 4.92 5.49 6.08 - 4  0.8 
0.12 8.54 9.54 10.6 - 4  0.8 
0.13 1.40 1.56 1.73 - 3  0.8 
0.14 2.18 2.43 2.69 - 3  0.8 

0.15 3.25 3.64 4.03 - 3  0.8 
0.16 4.70 5.25 5.81 - 3  0.8 
0.18 0.90 1.00 1.11 - 2  0.8 
0.2 1.56 1.75 1.93 - 2  0.8 
0.25 4.73 5.29 5.85 - 2  0.8 
0.3 1.09 1.22 1.35 - 1 0.8 
0.35 2.13 2.38 2.63 - I  0.8 
0.4 3.67 4.10 4.54 - I  0.8 
0.45 5.82 6.50 7.20 - 1 0.8 
0.5 8.64 9.66 10.7 - 1 0.8 
0.6 1.66 1.86 2.07 0 0.8 
0.7 2.82 3.17 3.54 0 0.8 
0.8 4.40 4.98 5.59 0 0.8 
0.9 6.46 7.36 8.31 0 0.8 
1 0.91 1.04 1.18 1 0.8 
1.25 1.79 2.07 2.37 1 0.8 
1.5 2.97 3.45 3.96 1 0.8 
1.75 4.38 5.10 5.85 1 0.9 
2 5.95 6.91 7.91 1 0.9 
2.5 0.94 1.08 1.23 2 0.9 
3 1.29 1.49 1.69 2 0.9 
3.5 1.66 1.90 2.15 2 0.9 
4 2.04 2.32 2.62 2 1.0 
5 2.82 3.20 3.58 2 1.0 
6 3.65 4.12 4.60 2 1.1 
7 4.53 5.11 5.69 2 1.1 
8 5.45 6.13 6.82 2 1.2 
9 6.42 7.21 8.00 2 1.3 
10 7.41 8.32 9.23 2 1.4 

the new value for the 7Li(d,p)8Li  cross section, and to the use of  a different low energy 
extrapolation. 
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