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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.

1

Moshe Gai
Rectangle

Moshe Gai
Rectangle



   

h̄ L

SOLAR FUSION

1H + 1H → 2D + e+ + νe
2D + 1H → 3He + γ PPI - 86%
3He + 3He → 4He + 2 1H

3He + 4He → 7Be + γ
7Be + e− → 7Li + νe PPII - 14%
7Li + 1H → 2 4He

7Be + 1H → 8B + γ
8B → 8Be + e+ + νe PPIII - 0.01%
8Be → 2 4He
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Surface Composition of the Sun:

X + Y + Z = 1

P + He + Heavy
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Basu and Antia; ApJ606(2004)L85



Weizmann Result, 2004
 3He + 4He __> 7Be + gamma
____________________
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7Be(p,γ)8B

Fillipone(1983)

            σ17 = S17/E x e -2πη

(η = Z1Z2α/β)     Ecm = 18 keV

Moshe Gai
σ17 = S17/E x e -2πη



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]

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

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

|P7Be + Pp|2 = M2
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When a Dog Speaks it Does Not
Matter What it Says.

Igal Talmi
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FIG. 4: Artist’s view of the experimental setup. Shown schematically are the beam-tracking detectors (PPAC) in front of and
the fragment-tracking Si strip detectors (SSD) behind the Coulomb-breakup target. Proton and 7Be positions in the focal plane
of the KaoS magnetic spectrometer are determined by large-area multi-wire chambers (MWPC) followed by a scintillator-paddle
wall for trigger purposes.

FIG. 5: Schematic view of the geometrical arrangment of
the four layers of single-sided Si strip detectors yielding the
breakup particles’ trajectories directly after the target.

from the measured positions. As a tool for these Monte-
Carlo simulations the program package GEANT-3 [35]
was used.

The Monte-Carlo simulations started with an event
generator that simulated CD of 8B on 208Pb in first-
order perturbation theory or via a fully dynamical cal-
culation by the theoretical approaches mentioned above
(subsect.II.B). Technically, the event generator pro-
duced statistically-distributed ensembles of 500,000 CD-
“events” each that were used as input to a GEANT simu-
lation of the passage of each breakup particle through the
Pb target, the SSD detectors, the beamline exit window,
the He-filled interior of the magnets and the air behind
KaoS before hitting the MWPC volumes. At the target,
the emittance of the 8B as measured with the PPAC’s
was imposed, the momentum spread was assumed to be
the nominal FRS momentum acceptance, ∆p/p = ±1%.

Momenta of each particle type (p,7Be,8B) were ob-

tained from two position measurements in the SSD and
one position measurement in the respective MWPC. To
calculate each particle type’s momentum, a 36-term poly-
nomial expression was derived; its parameters were ob-
tained in a GEANT simulation by sending particles with
known momenta (covering evenly the range of relevant
momenta) through the setup and fitting the momenta as
a function of the positions by varying the 36 polynomial
parameters. In a similar way, the invariant-mass resolu-
tion of the experiment could be obtained by simulating
breakup events of known invariant mass and reconstruct-
ing this quantity from the simulated positions. The top
panel in Fig.6 shows the Erel resolution (1σ width) as a
function of the p-7Be relative energy, Erel, as determined
from the simulation.

The efficiency of our setup at high Erel is mainly given
by the finite sizes of the SSD and MWPC detectors. Be-
low the maximum around 0.5 to 1 MeV, the efficiency
drops due to overlap of the proton- and 7Be hit patterns
in the SSD leading to apparent multiplicity 1 instead of
2. Numerical values of the efficiency could be obtained
by simulating the full set of 500,000 CD events with and
without the above conditions and plotting the ratios of
these numbers for different, evenly spaced Erel bins. This
distribution is shown in the lower panel of Fig.6. The up-
per set of data points (circles) is obtained by requiring
two separated p-Be hits inside all detector volumes. The
lower set of data points (squares) is obtained by taking
into account the intrinsic detector and trigger efficiencies
and applying all analysis conditions, see subsect. IV.B
below. It can be seen that the major part of the Erel dis-
tribution is covered with high total efficiency (about 30-
40%). It should be noted that this curve is insufficient to
correct measured data for efficiency: the total efficiency
is a multi-dimensional function of both the original and
the smeared-out (by the experimental resolution) angles
and momenta of both particles. Therefore, we pass the



10

0

1000

2000

3000

E1
E1+E2

a) θ8<0.620

-30 0 30

co
u

n
ts

a) θ8<1.00

-30 0 30

pt
in (MeV/c)

a) θ8<2.50

-30 0 30

FIG. 12: 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.

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.

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
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FIG. 13: Top: Experimental proton polar angle (θcm) distri-
butions 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 normal-
ized 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) multipolarities (see text for
details).

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).

We conclude that within the limits of our experimen-
tal conditions the simplest model (first-order PT with
E1 multipolarity only) still gives the best agreement
with the measured center-of-mass proton angular dis-
tributions. This is in line with conclusions drawn by
Kikuchi et al. [10] and by Iwasa et al. [12] from their
respective θ8 distributions (which are, however, less sen-
sitive to a small E2 component than the present angular
correlations). Our findings contradict the conclusions of
Davids et al. [11] that a substantial E2 cross section has
to be subtracted from the total measured CD cross sec-
tion.

What remains to be done is to find a physical expla-
nation for the small E2 strength compared to the model
calculations (both, the potential model and the cluster
model, predict almost equal SE2

17 values). At the same
time, one has to find a different way to explain the asym-
metries found in inclusive longitudinal-momentum distri-
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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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The Neutrino Matrix: 

• We recommend, as a high priority, that
a phased program of sensitive searches for
neutrinoless nuclear double beta decay be
initiated as soon as possible.

• We recommend, as a high priority, a
comprehensive U.S. program to complete
our understanding of neutrino mixing, to
determine the character of the neutrino
mass spectrum, and to search for CP violation
among neutrinos.

• We recommend the development of
a spectroscopic solar neutrino experiment
capable of measuring the energy spectrum
of neutrinos from the primary pp fusion
process in the sun. 

The
Neutrino
Matrix

The DNP/DPF/DAP/DPB
Joint Study on

the Future of
Neutrino 

Physics

Dan McKinsey, Yale University                                  Frontiers in Contemporary Physics, May 27, 2005



Vacuum gaps

Dan McKinsey, Yale University                                  Frontiers in Contemporary Physics, May 27, 2005

Artist's Rendition of CLEAN



 
 
 

Solar Composition: 
 
8B Flux error down from 20% to 12% 
Confrontation with SSM 
Must be resolved 
 
8B Solar Neutrino Flux: 
S34 soon will be known (<5%) 
S17 Seattle result must be checked 
 Extrapolation must be checked 
 
Is SSM/Flux = 1.17 significant? 
 
pp Solar Neutrino Flux: 
Most Exciting Frontier (CLEAN) 

 




