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Courtesy GOES Solar X-ray imager, NOAO
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he nucleus takes up
99.95% of the mass



http://wwwlapp.in2p3.fr/neutrinos
http://www.ps.uci.edu/~superk/neutrino.html
http://news.mingpao.com/20110924/taa2.htm

P Hr3 Neutrino
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Proton-proton fusion chain process

. A 1st step: In two separate reactions, 2 protons
- f" );}}’ :"u Lz] 2 038‘:l 4%("3‘ ' ~in each reaction fuse
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Animation from:


http://wwwlapp.in2p3.fr/neutrinos
http://www.astronomynotes.com/starsun/fusion.gif
http://www.astronomynotes.com/starsun/s3.htm
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http://cupp.oulu.fi/neutrino/
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Photo from SOHO,


http://sohowww.nascom.nasa.gov/explore/
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Nobel Prize in Physics, 1967 “for fiis contributions to
the theory of nuclear reactions, especially his

@"Qﬁ .7'[61725 Be tﬁe discoveries concerning the energy production in stars.”




R ATE (Supernova)

NGC 2392 « “Eskimo” Nebula
Hubble Space Telescope * WFPC2 .

NASA, A, Frychter and the EROTeam(STScn-STsyc\_—[PEﬁt}??WﬂSﬂ Planetal’y Nebula NGC 7027 HST - WFPC2

T otos Courtes-y PRC96-05 - ST Scl OPO - January 16, 1996 - H. Bond (ST Scl) and NASA




| P |. |
| B F{iﬂ Kobedir. ] |

| §C Cimgmlum
o

*4

E Ciemu

o |l 11/11/1572
S | | PN

| ’/ET7 ']‘B%?__‘__ 2
| »
| E = oo SR -
¥ o Tl
U A=Y ”

from Tycho Brahe's 'Stella Nova', taken from
the at the Danish National
Library of Science and Medicine

“On the 11th day of November in the evening after sunset, I was contemp[atmg therstars ina
clear sky. I noticed that a new and unusual star, surpassing the other stars in brilliancy, was
shining almost directly above my head;... A miracle indeed, one that has never been previously

seen before our time, in any dage since the beginning of the world."
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http://seds.org/~spider/spider/vars/sn1572.html
http://www.texts.dnlb.dk/DeNovaStella/Index.html
http://zy.aqst.gov.cn/mytc/200804/73.html
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http://upload.wikimedia.org/wikipedia/commons/a/ac/Main_tycho_remnant_full.jpg
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http://en.wikipedia.org/wiki/Ferdinand_Verbiest
http://upload.wikimedia.org/wikipedia/commons/2/23/VerbiestBeijingObservatory.jpg
http://upload.wikimedia.org/wikipedia/commons/f/f7/Schall.jpg
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Oxygen 13: 65
Carbon 7531“\ 18
Hydrogen i 10
Nitrogen % 3
Calcium ﬁﬁ; 1.5
Phosphorus  Fit 1.2
Potassium 4% 0.2
Sulfur yant 0.2
Chlorine 2 0.2
Sodium 4 0.1
Magnesium 4% 0.05
[ron 48 ~3g
Cobalt, Copper, Zinc, Iodine|< 0.05 each
Selenium, Fluorine < 0.01 each

From R, Chang, Chemistry, 9" Ed., McGraw-HHill.
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Photo credit: Anglo-Australian
Observatory



http://www.aao.gov.au/images/captions/aat050.html
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http://www-sk.icrr.u-tokyo.ac.jp/doc/sk/index.html
http://cupp.oulu.fi/neutrino/nd-sn.html

Compact stars)
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PRCHE-22a - 5T Scl OPO - May 30, 1996 HST - WFPCZ

J. Hester and P. Scowen (AZ State Univ) and NASA

Photo courtesy NASA/STScI




=~ 51 \In Photo credit: NASA


http://www.fourmilab.ch/earthview/vplanet.html
http://www.astronomynow.com/news/n1108/01chandra/
http://www.astronomynow.com/news/n1108/01chandra/
http://www.astronomynow.com/news/n1108/01chandra/
http://www.astronomynow.com/news/n1108/01chandra/

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. | Galaxies, Planels, elc.

Fluctuations

15t Stars
about 400 million yrs.
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Figure courtesy NASA/WMAP
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¥ e =B (Neutrino Oscillation)
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http://tech.hexun.com.tw/2011-09-03/133075412.html
http://www.pressdisplay.com/pressdisplay/zt/viewer.aspx
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TERMAZFiFZ2E 0] (European Centre for
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L baseline = (TOF,)

T, Adam et af,, arXiv 1109.4897 (2011). 5t=TOF. -TOF,
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(v-c)/c = 8t (TOF’, - 8t) = (2.48 + 0.28 (stat.) = 0.30 (sys.)) ¥ 107,

100 100 |
N L . 8 3
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[ * I
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(GeV) T. Adam et al., arXiv 1109.4897 (2011).
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Anti-matter universe
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http://alpha-new.web.cern.ch/
http://www.nature.com/nphys/index.html
http://www.physorg.com/news/2011-06-cern-physicists-antihydrogen-atoms-minutes.html
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Large Hadron Collider = A+ H{L X
CERN: £ J & = Ok # 4 1L

h. e = _? ;%[\’ _'—;:‘:‘;

TH S doig 3 ov=99.999999% ¢ (7 TeV)
i Rk 2808 R x1.15x10"F +  (mmxcm)
BB =362M7 | ——

N

~PEiE 150 kmk B b 5
¥ 43 S00Rg 4 A
LHC: 87.5 % ~izid 7



http://lhc-machine-outreach.web.cern.ch/lhc-machine-outreach/
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