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THE CONVECTION ZONE

Energy moves toward the surface
through convection currents of
heated and cooled gas.
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THE RADIATIVE ZONE

taking more than 170,000
years to radiate through.
CANNN
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THE CORE

Energy is generated by
thermonuclear reactions,
creating temperatures of

around 15 million degrees

Eelsiu33 T ‘JL(

THE CHROMOSPHERE

Energy moves slowly
putward from the core, ,

This relatively thin layer is sculpted

by magnetic fields that restrain
the electrically charged solar

plasma. Occasionally larger plasma

features—called prominences—

form and extend far into the corana,
gjecting material away from the Sun.
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PHUTUSPH

The photosphere is
composed of convection cells
called granules, each around
1000 kilometres in diameter
with hot plasma rising in the
centre and coaler plasma
falling in the narrow spaces
between them.

SUN SPOTS

Sun spots are caused by
intense magnetic activity which
inhibits convection, forming
areas of reduced surface
temperature.
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" THE CORONA

lonised elements within the
corona glow in the X-ray
and extreme ultraviolet
wavelengths.

CORONAL STREAMERS

Outward-flowing plasma

from the corona is shaped by
magnetic fields into tapered
coronal streamers which extend
millions of kilometres into space.
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http://www.phys.ncku.edu.tw/~astrolab/e_book/sun/sun.html#solar_model http://web.fg.tp.edu.tw/~earth/learn/tasastro/ch081.htm
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AE =(Am) c?
= (0.048*10-¢7 kg)*(3*108 m/sec)?
=4.3*10-12 J

http://www.phys.ncku.edu.tw/~astrolab/e_book/sun/captions/pp_chain.html
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Proton-Proton Chain (PP Chain)---90% = I5 & e g 4 =3 3
A4z 21p g+ £+2 B P F
'H+'H >?H+e* +v
’H +'H 23He +vy
3He + 3He >*He + 2 'H

~~~ v Gamma ray Neutron

---------- v Neutrino () Positron

Proton-proton chain.
http://crab0.astr.nthu.edu.tw/~hchang/gal/f1803-PP_1.JPG
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http://www.phys.ncku.edu.tw/~astrolab/e_book/sun/sun.html#solar_model http://web.fg.tp.edu.tw/~earth/learn/tasastro/ch081.htm



CNO Cycle (Carbon-Nitrogen-Oxygen)
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CNO cycle.
http://crab0.astr.nthu.edu.tw/~hchang/gal/f1803-CNO_1.JPG
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6 October 2015 https://www.nobelprize.org/prizes/physics/2015/press-release/

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics for 2015 to

Takaaki Kajita
Super-Kamiokande Collaboration
University of Tokyo, Kashiwa, Japan

and

Arthur B. McDonald
Sudbury Neutrino Observatory Collaboration
Queen’s University, Kingston, Canada

“for the discovery of neutrino oscillations, which shows that neutrinos have mass”

Metamorphosis in the particle world

The Nobel Prize in Physics 2015 recognises Takaaki Kajita in Japan and Arthur B.
McDonald in Canada, for their key contributions to the experiments which
demonstrated that neutrinos change identities. This metamorphosis requires that
neutrinos have mass. The discovery has changed our understanding of the innermost

workings of matter and can prove crucial to our view of the universe.



What is left to do?

The chlorine and gallium detectors do not measure the energy of neutrino events. Only the water detectors
(Kamiokande, Super-Kamiokande, and SNO) provide specific information about the energies of the solar
neutrinos that are observed. However, the water detectors are sensitive only to higher energy neutrinos
(with energies > 5 million electron volts).

The standard computer model of the Sun predicts that most solar neutrinos have energies that are below the
detection thresholds for the water detectors. If the standard solar model 1s correct, water detectors are
sensitive to only about 0.01% of the neutrinos the Sun emits. The remaining 99.99% must be observed in
the future with new detectors that are sensitive to relatively low energies.

The Sun is the only star close enough to the Earth for us to observe the neutrinos produced by nuclear

fusion reactions. It 1s important to observe the abundant low-energy solar neutrinos in order to test more
precisely the theory of stellar evolution. We believe we can calculate the expected number of low energy

https://www.nobelprize.org/prizes/themes/solving-the-mystery-of-the-missing-neutrinos/
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magnetic field lines

http://upload.wikimedia.org/wikipedia/it/4/4f/Sole_interno_eliosismologia.png

http://www.ss.ncu.edu.tw/~lyu/lecture_files
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SDO HMI {6173 A) 6—Sep—2017 18:46:41.700

1000

500

=500

— 1000

http://www.solarmonitor.org/ SolarMonitor. org

—1040 —508 ¢ 500 1000
X (arcsec)



SDO HMI Magnetogram 6—Sep—2017 18:46:41.700
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I5ES Selar Cyele Sunspot Number Preogression

Observed dota through Jan 2020
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Days of Spotless Sunspot

Top 25 of years with most number of spotless days since 1849
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Maunder Minimum (1645-1715)
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Cosmic Rays on Earth Since 1964

Oulu Neutron Monitor Pressure corrgcted data
Complete Dulu data (1964-04=-81 - J19-84-23), Honthly averages., Average CR: 6172.94
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In recent years, cosmic rays nave bean
unusually strong, reaching a Space Age
maximum in 2008-2010
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