The Standard Solar M ode
and Experiments

* Predictions versus experiments
e Uncertaintiesin predictions

e Challenges and open questions

BPOO: astro-ph/0010346
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Are standard solar models reliable?
PRL 78, astro-ph/9610250

Standard solar models predict the measured structure of
the sun more accurately than is required for applications
involving solar neutrinos.
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Highlights: 2001-2002
e 2001: First direct n confirmation
"B(BP00)=5.05", (unit : 10° cm®s™)
"B(SNO+SK) =5.44+ 0.99

Agreeto 0.3s

e 2002: SNO NC
SB(SNO NC) =5.09+ 0.64 (undistorted spectr um)

Agreeto 0.03s




Precision measur ements of
"He(a,g)’Be

gRays: 0.507+ 0.016(1963- 1988)
6 measur ements

"Beactivity : 0.572 + 0.026 (1982 - 1984)
3 measurements

Average: 0.53+ 0.05kevDb
M odern precision measur ement:

urgently required: + 3%/
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BPO0 % Uncertainties
astr 0-ph/0209080
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Why do low energy solar neutrino
experiments?




e Test (refine) neutrino oscillation solutions
—Same behavior at high energies
—Different behavior at low energies

— Could bewrong

e Test solar fusion theory
—SSM: 99.99% of solar neutrinos< 5 MeV

—L ow energy fluxes predicted more precisely

 Redundancy, redundancy, redundancy




SSM: Fundamental L ow-Energy tests

e Stellar evolution theory predicts:
<3He+ %He> 2j ("Be)

<*He+ *He> | (pp)-f ('Be)
pp fusion formula: summarizes competition
between different fusion chains.

= 0.174

 CNO neutrinosrepresent 1.5% of luminosity

. DE('Be)=1.2keV




KamLAND (Japan)
Ne+P® €r+n  reactor anti-neutrinos

+0.20
0.49¢17 (1s)
hep-ph/0204314

Crane

Sterile neutrinos

Rock lining

Bota | = 10%

BBsteriIe '+ 12%
hep-ph/0204194

'\ Lig.-scinti.

Container C PT T es[

o Aluminum sheets
£10%° GeV
hep-ph/0201211

_ Phototubes.




Doesthe solar luminosity determine the pp flux?

Theoretical error = 1%

4p® *He+2e* + N +25MeV

CNO cycle: 0 pp neutrinos

Big "Beflux : 0.5max pp flux

Luminosity deter mines pp flux: 0—-1.0 max flux
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37Cl(n,,e)3" Ar vs. date published

5B S (10 “?cm?)

®Bahcall et al.
"Others

1980

Date published




Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000

D.43:|:U.DE_

.55&0.23 0.35+0.02

GALLEX

+
Kamioka GNO g
ﬂHz

*H,0
Experiments gy
Uncertaintie=

7 Experiments; 34 years; 0.01% of the flux.
A solar neutrino “opportunity”; not a problem.




