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SNO Salt Phase Result:

Φν = 4.94 ±0.21 (stat) +0.38
−0.34(syst) × 106 cm−2sec−1 [1]

ΦSSM
Φν

= 1.17 [2]

[1] B. Aharmin et al.; nucl-ex/0502021.

[2] J.N. Bahcall and M.H. Pinsonneault; Phys. Rev. Lett. 92(2004)121301.
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7Be(p,γ)8B

Fillipone(1983)

            σ17 = S17/E x e -2πη

(η = Z1Z2α/β)     Ecm = 18 keV
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RIKEN - RIPS

|P7Be + Pp|2 = M2
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FIG. 12: (Color online) In-plane transverse momenta, pin
t ,

of the breakup protons for three different cuts in θ8. The
theoretical curves (full red lines: E1 multipolarity, dashed
blue lines: E1+E2 multipolarity) have been calculated in first-
order perturbation theory. They were normalized individually
to the data sets in each frame.

sical Rutherford scattering, this corresponds to impact
parameters of 30 fm, 18.5 fm, and 7 fm, respectively.
Relative energies between p and 7Be up to 1.5 MeV were
selected. The experimental data for all three θ8-cuts can
be reproduced well by a PT calculation that includes only
E1 multipolarity (full histograms in Fig. 12, the theoreti-
cal curves were normalized individually to the data sets).
If E1-plus-E2 multipolarity is used in the PT calculation,
the different impact-parameter dependences of E1 and
E2 multipolarity lead to markedly different shapes for
the different θ8-cuts (dashed histograms in Fig.12). In
particular for large values of θ8, the latter distributions
show a large asymmetry with respect to pin

t = 0 that is
in clear disagreement with our data points.

By comparing Fig.12 with similar plots in our earlier
Letter (Fig.2 of Ref.[13]) one can see the improvement in
the GEANT simulation which was achieved by the mod-
ified prescription for the p-Be hit resolution (see sub-
sect. IV.3.1). The dips near pin

t ≈ 0 in the theoretical
distributions are now much closer to the experimental
ones (though small residual discrepancies are still visible
in the rightmost panel).

Fig.13 depicts the experimental θcm distributions for
three different Erel bins, as indicated in the figure. A
“safe” θ8 limit of 1◦ was chosen. As expected, these
distributions are mostly isotropic at low Erel (indica-
tive of s-waves) and become increasingly anisotropic for
larger values (contributions from higher orbital angular
momenta). As in Fig.12, also for the θcm distributions
the calculations for pure E1 multipolarity fit all spec-
tra well; inclusion of an E2 component may lead to a
slightly better fit at low Erel, but diverges clearly for the
large-Erel bin where E2 should play a major role. The
calculations with a dynamical model will be discussed
below.
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FIG. 13: (Color online) Top: Experimental proton polar an-
gle (θc.m.) distributions for three different bins of the p-7Be
relative energy, Erel. The full red curves denote a first-
order perturbation-theory calculation for E1 multipolarity,
the dashed blue ones for E1+E2. All theoretical curves were
individually normalized to the data points in each frame.
Bottom: the same data compared to dynamical calculations,
again for E1 (full curves) and for E1+E2 (dashed curves) mul-
tipolarities (see text for details).

2. Comparison to dynamical calculations

As mentioned above, Esbensen et al. [30, 31] suggested
that dynamical calculations are required to properly de-
scribe CD and to evaluate S17 from the measured CD
cross sections. A sensitive test if such a theory describes
the experimental data better than first-order PT calcu-
lations is given by comparing the dynamical predictions
(using the model described in subsect. II.B.2) to the same
angular distributions (bottom part in Fig.13). In all three
frames shown, our E1-only dynamical calculations do not
agree well with the data points. Dynamical calculations
with E1+E2 seem to introduce a slight improvement as
long as the effect of E2 multipolarity is small, but a ma-
jor discrepancy shows up when E2 should have a stronger
influence (rightmost lower panel in Fig.13).

In general, one would expect that the more complete
description of the Coulomb breakup within the semiclas-
sical dynamical approach leads to a better agreement
with the experimental data than the simpler perturbative
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When a Dog Speaks it Does Not
Matter What it Says.

Igal Talmi





except at the highest energiess1100–1200 keVd where DB
falls a few percent low. The energy dependence inferred
from the CD experiments issignificantly steeperthan the DB
theory and does not agree with the direct results.

We have quantified the difference in energy dependence
between direct and CD experiments by fitting a straight line
of the form S17sEc.m.d=as1+bEc.m.d to data in the range
Ec.m.ø425 keV and 830 keVøEc.m.ø1300 keV. Figure 19
displaysb, the fitted slope, for each experiment. For the di-
rect data,S17sEc.m.d values near the 1+ resonance were ex-
cluded, and the high-energy tail of the 1+ resonance was
subtracted fromS17sEc.m.d values above the resonance before
fitting, based on the M1/DB ratio determined from our data.
Since the CDS17sEc.m.d values do not include the 1+ reso-
nance contribution, they were fitted directly. All of the fits
hadx2/n,1.3, indicating that the straight line is a good ap-
proximation. The results, shown in Fig. 19, demonstrate a
systematic difference in slope between the two types of ex-
periments. From the direct experiments the mean slope is
3.11±0.14 MeV−1, with x2/n=1.9, and the mean slope deter-
mined from the CD data is 5.5±0.8 MeV−1, with x2/n=0.2.
Increasing the uncertainty on the direct mean by the factor
s1.9d1/2 to account for the fitx2/n, we find the probability that
these two results arise from the same parent distribution is
Psx2, nd=0.003.

Because of the different energy dependences observed in
CD and direct experiments, it is difficult to know how to
make a meaningful quantitativeS17s0d comparison. If we ig-
nore this problem, and focus on CD data below 425 keV, in
order to minimize multipole uncertainties in the conversion
of the measured breakup cross sections to inferred
7Besp, gd8B cross sections, then our DB fits yield theS17s0d
values shown in Fig. 20. These values are mutually consis-
tent, with a mean of 19.2±0.7 eV b. A fit to this mean value
together with the mean value deduced from direct experi-
ments of 21.4±0.5 eV b has probabilityPsx2, nd=0.01 that
these results arise from the same parent distribution. On the
other hand, if we fit the CD data between 750–1400(or

1000–1200) keV with the DB theory, the mean CD value is
S17s0d<22 eV b, in very good agreement with the direct re-
sult (see Fig. 18, bottom panel). However, there seems to be
no independent motivation for fitting only high-energy CD
data.

2. Heavy-ion transfer and breakup

A Texas A&M group has used measurements of periph-
eral heavy-ion transfer and breakup cross sections to deduce
the asymptotic normalization coefficient for the7Be+p com-
ponent of the8B ground-state wave function. This coeffi-
cient, together with a capture-model calculation(and an as-
sumedp3/2/p1/2 ratio in 7Be+p) can be used to inferS17s0d.
The valueS17s0d=17.3±1.8 eV b has recently been inferred
from the weighted average of10Bs7Be,8Bd9Be and
14Ns7Be,8Bd13C results atEs7Bed=85 MeV [21], and a vari-
ety of peripheral heavy-ion breakup results at 28 to
285 MeV/nucleon have been used to inferS17s0d
=17.4±1.5 eV b[22]. However, a different analysis[48] of
the same breakup reaction measured with a C target leads to
a substantially largerS17s0d value of 21.2±1.3 eV b in good
agreement with the direct mean value of 21.4 eV b. A deter-
mination of the asymptotic normalization coefficients for the
p1/2 and p3/2 components of8Li →7Li+ n together with the
assumption of mirror symmetry leads toS17s0d
=17.6±1.7 eV b for7Be+p [49]. TheseS-factor determina-
tions thus tend to be even smaller than those deduced from
CD experiments.

SsEd values inferred from16Os3He,dd17F cross-section
measurements [50] have been compared to direct
16Osp, gd17F cross-section measurements[51,52] for capture
to the ground state and to the first excited state. For the first
excited state transition, thesp, gd results of Ref.[51] and the
transfer-reaction results agree to<s6±11d%, where the un-
certainty is determined by the ±10% systematic uncertainty
in the transfer reaction and ±5% uncertainty in the absolute
sp, gd cross section. For the ground-state transition, the cen-
tral values fromsp, gd [52] and from s3He,dd agree within
10% or so but it is difficult to quantify the significance of the
comparison[50] since the absolutesp, gd cross-section un-
certainty was not specified.

FIG. 19. (Color online) S17sEc.m.d slopes determined from
straight-line fits to directS17sEc.m.d data(corrected for the 1+ reso-
nance tail) (left panel) and to S17sEc.m.d values inferred from CD
experiments(right panel). The horizontal lines and shaded regions
correspond to the mean values and uncertainties determined from
the direct data and from the CD data, respectively.

FIG. 20. (Color online) CD S17s0d values from DB fits to
S17sEc.m.d values below 425 keV, compared to the direct mean. The
total uncertainties are shown. The horizontal solid and dashed lines
indicate the CD mean valueS17s0d=19.2±0.7 eV b.
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falls a few percent low. The energy dependence inferred
from the CD experiments issignificantly steeperthan the DB
theory and does not agree with the direct results.

We have quantified the difference in energy dependence
between direct and CD experiments by fitting a straight line
of the form S17sEc.m.d=as1+bEc.m.d to data in the range
Ec.m.ø425 keV and 830 keVøEc.m.ø1300 keV. Figure 19
displaysb, the fitted slope, for each experiment. For the di-
rect data,S17sEc.m.d values near the 1+ resonance were ex-
cluded, and the high-energy tail of the 1+ resonance was
subtracted fromS17sEc.m.d values above the resonance before
fitting, based on the M1/DB ratio determined from our data.
Since the CDS17sEc.m.d values do not include the 1+ reso-
nance contribution, they were fitted directly. All of the fits
hadx2/n,1.3, indicating that the straight line is a good ap-
proximation. The results, shown in Fig. 19, demonstrate a
systematic difference in slope between the two types of ex-
periments. From the direct experiments the mean slope is
3.11±0.14 MeV−1, with x2/n=1.9, and the mean slope deter-
mined from the CD data is 5.5±0.8 MeV−1, with x2/n=0.2.
Increasing the uncertainty on the direct mean by the factor
s1.9d1/2 to account for the fitx2/n, we find the probability that
these two results arise from the same parent distribution is
Psx2, nd=0.003.

Because of the different energy dependences observed in
CD and direct experiments, it is difficult to know how to
make a meaningful quantitativeS17s0d comparison. If we ig-
nore this problem, and focus on CD data below 425 keV, in
order to minimize multipole uncertainties in the conversion
of the measured breakup cross sections to inferred
7Besp, gd8B cross sections, then our DB fits yield theS17s0d
values shown in Fig. 20. These values are mutually consis-
tent, with a mean of 19.2±0.7 eV b. A fit to this mean value
together with the mean value deduced from direct experi-
ments of 21.4±0.5 eV b has probabilityPsx2, nd=0.01 that
these results arise from the same parent distribution. On the
other hand, if we fit the CD data between 750–1400(or

1000–1200) keV with the DB theory, the mean CD value is
S17s0d<22 eV b, in very good agreement with the direct re-
sult (see Fig. 18, bottom panel). However, there seems to be
no independent motivation for fitting only high-energy CD
data.

2. Heavy-ion transfer and breakup

A Texas A&M group has used measurements of periph-
eral heavy-ion transfer and breakup cross sections to deduce
the asymptotic normalization coefficient for the7Be+p com-
ponent of the8B ground-state wave function. This coeffi-
cient, together with a capture-model calculation(and an as-
sumedp3/2/p1/2 ratio in 7Be+p) can be used to inferS17s0d.
The valueS17s0d=17.3±1.8 eV b has recently been inferred
from the weighted average of10Bs7Be,8Bd9Be and
14Ns7Be,8Bd13C results atEs7Bed=85 MeV [21], and a vari-
ety of peripheral heavy-ion breakup results at 28 to
285 MeV/nucleon have been used to inferS17s0d
=17.4±1.5 eV b[22]. However, a different analysis[48] of
the same breakup reaction measured with a C target leads to
a substantially largerS17s0d value of 21.2±1.3 eV b in good
agreement with the direct mean value of 21.4 eV b. A deter-
mination of the asymptotic normalization coefficients for the
p1/2 and p3/2 components of8Li →7Li+ n together with the
assumption of mirror symmetry leads toS17s0d
=17.6±1.7 eV b for7Be+p [49]. TheseS-factor determina-
tions thus tend to be even smaller than those deduced from
CD experiments.

SsEd values inferred from16Os3He,dd17F cross-section
measurements [50] have been compared to direct
16Osp, gd17F cross-section measurements[51,52] for capture
to the ground state and to the first excited state. For the first
excited state transition, thesp, gd results of Ref.[51] and the
transfer-reaction results agree to<s6±11d%, where the un-
certainty is determined by the ±10% systematic uncertainty
in the transfer reaction and ±5% uncertainty in the absolute
sp, gd cross section. For the ground-state transition, the cen-
tral values fromsp, gd [52] and from s3He,dd agree within
10% or so but it is difficult to quantify the significance of the
comparison[50] since the absolutesp, gd cross-section un-
certainty was not specified.

FIG. 19. (Color online) S17sEc.m.d slopes determined from
straight-line fits to directS17sEc.m.d data(corrected for the 1+ reso-
nance tail) (left panel) and to S17sEc.m.d values inferred from CD
experiments(right panel). The horizontal lines and shaded regions
correspond to the mean values and uncertainties determined from
the direct data and from the CD data, respectively.

FIG. 20. (Color online) CD S17s0d values from DB fits to
S17sEc.m.d values below 425 keV, compared to the direct mean. The
total uncertainties are shown. The horizontal solid and dashed lines
indicate the CD mean valueS17s0d=19.2±0.7 eV b.
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Reconciling Coulomb Dissociation and Radiative Capture Measurements

H. Esbensen,1 G. F. Bertsch,2 and K. A. Snover2
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2University of Washington, Seattle, Washington 98195, USA
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Seattle Result on 7Be + p → 8B + γ:

S17(0) = 21.4 ±0.5 (expt) ±0.6 (theory) eV-b [1]

Previous Compilation:

S17(0) = 19 +4 -2 eV-b [2]

Reasonable Conservative Estimate:

S17(0) = 21.4 ±0.8 (expt) +0.0
−3.0 (extrap) eV-b [3]

[1] A.R. Junghans et al.; Phys. Rev. C68(2003)065803.

[2] E.G. Adelberger et al.; rev. Mod. Phys. 70(1998)1265.

[3] M. Gai; nucl-ex/0312003.
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1. The Coulomb Dissociation Method 
 Viable Method 
 (8B testing Ground of Method) 
 
2. The Slope of Cross Section Factor (S17)  
 NOT KNOWN With High Accuracy 
 
3. Uncertainty of Formation of Solar 8B 
 (Must Be Resolved by a Measurement) 
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