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Pure logical thinking cannot yield us
any knowledge of the empirical world;
all knowledge of reality starts from

experience and ends in it.
A. Einstein (1933)
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Takaaki KaasiTa . |

(Takaaki Kajita, University of Tokyo, Kashiwa, Japan)
ApTypy MakaoHaiany

(Arthur B. McDonald, Queen’s University, Kingston, Canada)

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

Born: 1959, Higashimatsuyama,
Japan

Affiliation at the time of the
award:University of Tokyo,
Kashiwa, Japan;

Director of the Institute for
Cosmic Ray Research

Prize share: 1/2

Photo © Takaaki Kajita

"Takaaki Kajita - Facts". Nobelprize.org. Nobel
Media AB 2014. Web. 12 Nov 2015.
<http://www.nobelprize.org/nobel prizes/physics/lau
reates/2015/kajita-facts.html>
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Colleagues of Takaaki Kajita give a banzai cheer Tuesday at
their research facility in Hida, Gifu Prefecture, after learning
he had won the Nobel Prize.
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Notable awards

AV LI

Born in Higashimatsuyama

Ph.D. from the University of Tokyo in 1986
(Doctoral advisor - Masatoshi Koshiba).

Director of the Institute for Cosmic Ray
Research and a professor at the University of
Tokyo.

Asahi Prize (1988)

Bruno Rossi Prize (1989)

Nishina Memorial Prize(1999)
Panofsky Prize (2002)

Japan Academy Prize(2012)
Nobel Prize in Physics(2015)
Fundamental Physics Prize (2016)



Arthur B. McDonald

Born: 1943, Sydney, Canada
Affiliation at the time of the
award:Queen's University,
Kingston, Canada

Professor (Emeritus)

Prize share: 1/2

Photo: K. MacFarlane.
Queen's University "Arthur B. McDonald - Facts". Nobelprize.org. Nobel

/SNOLAB Media AB 2014. Web. 13 Nov 2015.
<http://www.nobelprize.org/nobel prizes/physics/laurea
tes/2015/mcdonald-facts.html>



Position - Institution Year

Professor Emeritus Queen’s University 2013 - Present
Director Sudbury Neutrino Observatory Collaboration 1989 - Present
Gordon and Patricia Gray Chair in Particle Astrophysics

Queen’s University 2006 - 2013
Umiversity Research Chair  Queen’s University 2002 - 2006
Director SNO Institute 1991-2003, 2006 - 2009
Associate Director SNOLAB Institute 2009 -2013
Professor Queen's University 1989 -2013
Professor Princeton 1982 - 1989
Sr. Research Officer Atomic Energy of Canada 1980 - 1982

(Chalk River, Ontario)
Assoc, Research Officer Chalk River 1975 - 1980
Assist. Research Officer Chalk River 1970 - 1975
Postdoctoral Fellow Chalk River 1969 - 1970
Education:

Dalhousie Unmiversity, Halifax, Nova Scotia - B.Sc. Physics (1964)
Dalhouste University, Halifax, Nova Scotia - M.Sc. Physics (1965)

Califorma Institute of Technology, Pasadena, CA, USA - Ph.D. Physics (1969)

Visiting Positions:

CERN, Geneva (2004), University of Hawan (2004, 2009), Afhliate Graduate Faculty,
University of Hawan (2010-), Oxford Unmiversity (2003, 2009), University of
Washington, Seattle (1978), Los Alamos National Laboratory (1981), Queen's University
(1988)



Awards:

Crovernor General's Gold Medal, Dalhousie, 1964

Rutherford Memonal Fellowship, (1969-1970)

Fellow of the Amenican Physical Society, 1983

LL.D., honoris causa, Dalhousie, 1997

Fellow of Royal Society of Canada, 1997

Honorary Life Membership at Science North, Sudbury, Ontario, 1997

Killam Research Fellowship, 1998

LL.D., honoris causa, Umversity College of Cape Breton, 1999

D. S¢., honoris causa, Royal Military College, 2001

T.W. Bonner Prize in Nuclear Physics from the American Physical Society, 2003
Canadian Association of Physicists Medal for Lifetime Achievement in Physics, 2003
Natural Sciences and Engineering Research Council of Canada Award of Excellence,
2003

Gerhard Herzberg Canada Gold Medal for Science and Engineering, 2003
UK-Canada Rutherford Lecturer for the Roval Society, 2003

Welsh Lecturer at the Umiversity of Toronto, 2004

Basterfield Lecturer at the University of Regina, 2004

Sigma X1 Fund of Canada Award for Scientific Achievement, 2004

Bruno Pontecorvo Prize in Particle Physies, JINR, Dubna, 2005



Manne Siegbahn Lecturer at Stockholm University, 2005

E.W. Gupull Lecturer at Dalhousie Unmiversity, 2005

Helmut Baer Lecturer at Unmiversity of Michigan, 2006

D. Sc¢., honoris causa, Umiversity of Chicago, 2006

NSERC John C. Polanyi Award to the SNO team, 2006

Officer of the Order of Canada, 2006

Co-recipient, Benjamin Frankhn Medal in Physics, 2007

Donald R. Hamilton Lecturer at Princeton University, 2008
Huggins Science Lecturer at Acadia University, 2008

LL.D., honoris causa, Saint Francis Xavier University, 2009
Fellow of the Royal Society of the UK and the Commonwealth, 2009
Member of Canadian Science and Engineering Hall of Fame, 2009
Killam Prize in the Natural Sciences, 2010

Member of the Nova Scotia Discovery Centre Hall of Fame, 2010
E. Segre Lecture, Berkeley, 2010

D. 5¢., honoris causa, Umversity of Alberta, 2011

Guelph Waterloo Physics Institute Distinguished Lecturer, 2011
Henry Marshall Tory Medal, Royal Society of Canada, 2011

D. S¢., honoris causa, Umversity of Waterloo, 2012

Order of Ontanio, 2012

European Physics Society HEP Division Giuseppe and Vanna Cocconi Prize, 2013
Co-recipient, The Nobel Prize in Physics, 2015



VOLUME &1, NUMBER 8 PHYSICAL REVIEW LETTERS 24 AuGusT 1998

Evidence for Oscillation of Atmospheric Neutrinos

Y. Fukuda,! T. Havakawa,! E. Ichihara,! K_ Inoue,! K. Ishihara,! H. Ishino,! Y. ltow,!|T. Kajita,] J. Kameda,'
S. Kasuga,! K. Kobayashi,! Y. Kobayashi,! Y. Koshio,! M. Miura,! M. Nakahata,! S. Nakayvama,'! A. Okada.!

K. Okumura,! N. Sakurai,! M. Shiozawa,! Y, Suzuki! Y. Takeuchi,! Y, Totsuka,! S, Yamada,' M. Earl,> A. Habig ®
E. Kearns.? M. D, Messier.” K. Scholberg” J. L. Stone,” L. R. Sulak® C. W. Walter,” M. Goldhaber,® T. Barszczxak,
D. Casper,* W. Gajewski,? P. G. Halverson,®* J. Hsu,* W.R. Kropp,? L. R. Price.* F. Reines? M. Smy.* H. W. Sobel ?
M.R. Vagins,® K. 8. Ganezer,® W_E. Keig’ R.W. Ellsworth,® 8. Tasaka,” J. W, Flanagan®' A, Kibayashi®
).G. Learned.® S. Matsuno.® V_J, Stenger.® D. Takemor,® T. Ishii,® J. Kanzaki,? T. Kobayashi,” §. Mine.”

K. Makamura® K. Nishikawa.” Y. Oyama? A, Sakai? M. Sakuda,® O, Sasaki’ 5. Echigo,!® M. Kohama, '
AT, Suzuki'® T.J. Haines,'' E. Blaufuss,'? B. K. Kim.'2 R. Sanford,'? B. Svoboda,!? M. L. Chen.'? Z. Conner,!**
J.A. Goodman,”® G. W, Sullivan,'* J. Hill,"* C_K. Jung,"* K. Martens,”* C. Mauger,'* C. McGrew,'" E. Sharkey, !4
B. Viren," C, Yanagisawa,' W. Doki,'> K. Mivano,"” H. Okazawa,'® C, Saji,'* M. Takahata,'* Y. Nagashima,'®
M. Takita,'® T. Yamaguchi,'® M. Yoshida,'" S.B. Kim,'” M. Ftoh,"® K, Fujita,"® A. Hasegawa,'® T, Hasegawa,'®
S. Hatakeyama,'® T. lwamoto,'® M. Koga,'® T. Maruyama,'® H. Ogawa,'® J. Shirai,'® A. Suzuki,'® F. Tsushima,'®
M. Koshiba,'"? M. Nemoto ™ K. Nishijima,*® T, Futagami,*' Y. Hayato "% Y. Kanaya,®' K. Kaneyuki '

Y. Watanabe 2! D. Kielczewska 2* R. A Doyle > 1.S. George > A. L. Stachyra® L L. Wai 2
R.J. Wilkes,™ and K. K. Young™
(Super-Kamiokande Collaboration)
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{ Super-Kamiokande Co ralion

Institute for Cosmic Ray Research, University of Tokyo, Tanashi, Tokve, 188-83502, Japan
“Department of Physics, Boston University, Boston, Massachusens 112213
*Physics Department, Brookhaven National Laboratory, Upton, New York 11973
A Department of Physics and Astronomy, University of California ar Irvine, Irvine, California 92697-4575
 Department of Physics, California State University, Dominguez Hills, Carson, California 90747
& Department of Physics, George Mason University, Fairfax, Virginia 22030
T Department of Physics, Gifu University, Gifu, Gifu 500-1193, Japan
S Department of Physics and Astronomy, University of Hawaii, Honolulu, Hawaii 96822
*Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK),
Tsukuba, Iharaki 303-0801, Japan
" Department of Physics, Kobe University, Kobe, Hyoga 657-8501, Japan
" Physics Division, P-23, Los Alamos National Laboratory, Los Alamos, New Mexico 87544
12 Nepartment of Physics and Astronomy, Louisiana State University, Baton Rouge, Lowisiana 70803
B Depariment of Physics, University of Maryland, College Park, Maryland 20742
Y Department af Physics and Astronomy, State University of New York, Stony Brook, New York 11794-3800
12 Department of Physics, Niigata University. Niigata, Niigata 950-2181, Japan
% Department of Physics, Osaka University, Tovonaka, Osaka 360-0043, Japan
T Department of Physics, Seoul National University, Seoul 151-742, Korea
' Department of Physics. Tohoku University, Sendai, Mivagi 980-8578, Japan
"“The University of Tokye, Tekvo 113-0033, Japan
D Department of Physics. Tokai University, Hiratsuka, Kanagawa 259-1292, Japan
N Department of Physics, Tokyo Instinwe of Technology, Meguro, Tokyo [52-8551, Japan
2 Institute of Experimental Physics, Warsaw University, 00-681 Warsaw, Poland
A Department of Phvsics, University of Washington, Seattle, Washington 98195-1560
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VOLUME X7, NUMBER 7 PHYSICAL REEVIEW LETTERS 13 AuGusT 2001

—=

Measurement of the Rateof v, + d — p + p + e Interactions Produced
by ®B Solar Neutrinos at the Sudbury Neutrino Observatory

Q.R. Ahmad,'* R.C. Allen,'' T.C. Andersen,'? J. D. Anglin,” G. Bithler,! J.C. Barton,'** E. W, Beier,"
M. Bercovitch,” J. Bigu,* §. Biller,'”* R. A. Black." L. Blevis,* R.J. Boardman." J. Boger.? E. Bonvin,” M. G. Boulay,”
M. G. Bowler.” T.]. Bowles” S.J. Brice.®'* M. C. Browne,"* T. V. Bullard,"® T. H. Burrit,"® K. Cameron,'?

J. Cameron,”* Y. D. Chan,’ M. Chen,® H. H. Chen,'''" X. Chen,3'* M.C. Chon,"? B.T. Cleveland,'* E_T. H. Clifford,*!
J.H.M. Cowan." D.E. Cowen.,"* G. A. Cox.,"® Y. Dai,” X. Dai,"? F. Dalnoki-Veress, W.F. Davidson,” P. J. Doe, """
G. Doucas,"* M. R. Dragowsky.™ C. A, Duba,”* F. A. Duncan,’ J. Dunmore,”® E.D. Earle,*' 8. R. Elliow,'*®
H.C. Evans.® G.T. Ewan.? J. Farine,* H. Fergani.'* A P. Ferraris."? R. 1. Ford.®* M_M. Fowler.® K. Frame !?

E. D. Frank,'* W. Frat,™ J. V. Germani,'** §. GiL.'"? A. Goldschmid® D. R. Grant,? R_L. Hahn * A. L. Hallin *
E.D. Hallman,* A. Hamer,*® A. A. Hamian,"* R. U. Hag.' C.K. Hargrove? P.J. Harvey,” R. Hazama,'* R. Heaton,?
K.M. Heeger,'”® W. ). Heintzelman,'* J. Heise,'” R.L. Helmer,'®* J. D. Hepburn,*! H. Heron,'® J. Hewett
A. Hime® M. Howe," J. G. Hykawy,* M.C. P. Isaac.” P. Jagam.'? N. A. Jelley," C. Jillings.” G. Jonkmans,*!

J. Karn,” P.T. Keener," K. Kirch,” J.R. Klein."* A.B. Knox,"”® R.J. Komar,'™ R. Kouzes.® T. Kutter,'"”
C.C.M. Kyba,' J. Law,'? I.T. Lawson,'* M. Lay,”® H W. Lee,® K. T. Lesko,® ].R. Leslie,? I. Levine.* W. Locke,'?
M.M. Lowry® 5. Luoma? I. Lyon, ¥ 8. Majerus,!* H.B. Mak ? A.D. Marino,® N. McCauley,? |A. B. McDonald *#

D.S. McDonald, ™ K. McFarlane? G. McGregor,” W. McLatchie,” R. Meijer Drees.'” H. Mes* C. Mifflin_°
G.G. Miller,® G. Milton,! B. A. Moffat.? M. Moorhead,"** C. W. Nally,'® M. 5. Neubauer,'* F, M. Newcomer,'*

H.S. Ng."" A_J. Noble, ¥ E.B. Norman,® V. M. Novikov,* M. O'Neill,} C.E. Okada* R. W. Ollerhead,"*

M. Omori,”® 1. L. Omrell.” §. M. Oser,'* A, W.P. Poon,*®!%1% T 1, Radcliffe, A. Roberge.* B.C. Robertson,”
R.G_H. Robertson,"™® ] K. Rowley,” V.L. Rusu,'® E. Saettler,® K.K._ Schaffer,'” A. Schuelke.” M. H. Schwendener,*
H. Seifert ¥815 M. Shatkay,? 1. J. Simpson,'? D. Sinclair,?® P. Skensved.® A R. Smith® M. W_E. Smith,'® N. Starinsky 3

T.D. Steiger.”® R.G. Stokstad,” R.S. Storey.™" B. Sur,'? R. Tafirout,* N. Tagg.'* N.W. Tanner,"* R. K. Taplin,"

M. Thorman,? P Thomewell.*"*'* BT, Trent,"* Y.L Tserkovnyak,'” R. Van Berg, " R. G. Van de Water,"*®

C. 1. Virtwe * C.E. Waltham,'? ] -X_ Wang 2 D L. Wark,135% N West!? 1 B. Wilhelmy.® J.F. Wilkerson, 8
J. Wilson," P. Wittich,™ J. M. Wouters.® and M. Yeh?
(SNO Collaboration)
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(SND Collaboration) )
"Aromic Energy of Canada Limited, Chalk River Laboratories, Chalk River, Omtario K0J 110 Canada
*Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973-5000
*Carleron University, Ottawa, Ontario KIS 586 Canada
A Department of Physics and Astronomy, Laurentian University, Sudbury. Ontario P3E 206 Canada
*Institure for Nuclear and Particle Astrophysics and Nuclear Science Division, Lawrence Berkeley National Laboratory,
Berkeley, California 94720
& Los Alamos National Laborarory, Los Alamos, New Mexico 87345
" National Research Council of Canadia, (ttawa, Ontario KIA OR6 Canada
“Department of Physics, Princeton University, Princeton, New Jersey 08544
Department of Physics, Queen's University, Kingston, Ontario K7L 3N6 Canada
" Department af Physics and Astronomy, University of Brifish Columbia, Vancouver, BC V6l 121 Canada
" Department of Physics, University of California, Irvine, California 92717
2 Physics Department, University of Guelph, Guelph, Ontario NI1G 2W! Canada
" Nuclear and Astrophysics Laboratory, University of Oxford, Keble Road, Oxford, OX1 3RH, United Kingdom
B Department of Phvsics and Astronomy. University of Pennsvivania, Philadelphia, Pennsylvania 19104-63%6
B Center for Expertmental Nuclear Physics and Astrophysics, and Department of Physics, University of Washington.
Seattle, Washington 98195
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ELEMENTARY
"ARTICLES . . . . .
st 1931 — Boabdranr I1aysi npumycTuB iHCYyBaHHS MHOTETUYHOT YaCTUHKHU

JU1S1 IOSICHEHHSI EeHePreTUYHOTo OallaHCy paJioaKTUBHUX PO3MaiB.

Lildld s S 1934 - Enpiko @epMi po3BHHYB TE€OPIIO PaJl0aKTUBHUX PO3MaidiB, B K
Lty . 3. BBiB TEpMiH “HEATPUHO”
¥ 1959 — HeiiTpuHo Oyno ekciepuMeHTaabHO 3adikcoBaHo KoBaHoMm Ta
Paiincom (1995 Nobel Prize in physics)
1962 — EkcriepuMeHTaJIbHO BIAKPUTO IHIIWN BUJ HEUTPUHO — MEOOHHE
HeltpuHo (Brookhaven National Laboratory Ta CERN).

1968 - Ilepiii ekCOEPpUMEHTH 3 BUBYEHHS] COHAUYHUX HEUTPUHO MOKA3aIu
MOXJIUBICTh 1X EPETBOPEHHS

_&) 1978 — Binkpurti Tay-Heiitpuno (Stanford Linear Accelerator Center)
+ 1985 — 3po06aeHO NpUITyIIEHHS PO HeHYJIbOBY Macy HEHTPUHO
Y-
© 1987 - TloyaTok eKCrepuMeHTalIbHUX JOCIIIKEHb 3 HEUTPUHO B
> Kamiokande (burst of neutrinos from Supernova 1987A).
& p
E 1989 — Excnepumentu B CERN (Large Electron-Positron) nokasanu, o
Vo € JINIIE TPU BUAU HEUTPUHO
N 1989 - Kamiokande Brepiiie 10CHiIXKY€E COHAYHI HEUTPUHO
\IN- 43 1996 — Ilouarok ekcnepuMeHTiB Ha Super-Kamiokande.
‘c Q 1997 - Super-Kamiokande reports a deficit of cosmic-ray muon neutrinos
o Z and solar electron neutrinos



How the Sun burns

4 p—>4HE 12 +2 v, +25 MeV

¢Light takes about a
million years to get
| out of the solar core
_w | “Solar neutrinos take 2 s

= «Pure v_source

| «Direct, real-time probe
2| of solar processes

«4.0 x 10'° solar
neutrinos / cm? / sec at

the earth




Standard solar model

L | |
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"Proton proton cycle" by Dorottya Szam - file:Proton proton cycle.png. Licensed under CC BY 2.5 via Commons
- https://commons.wikimedia.org/wiki/File:Proton_proton cycle.svg#/media/File:Proton proton cycle.svg



Small Star

Large Star

Stellar Cloud
with
Protostars

IMAGES NOT TO SCALE

EVOLUTION OF STARS

Red Giant

Red Supergiant

Planetary Nebula

Supernova

White Dwart

S |

MNeutron Star

Black Hole




SuperNova Collapse

Rapidly talling ’/ Flnlgrimnn cooled by
i : neutrinos
i AFEEE Tt 40- to 50-km radius;
neutrings are produced
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JleTekTyBaHHSA HEUTPHUHO

bera-3axonnenns (Kan-Uanr Banr, 1942)
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1956 (Los Alamos, Hanford, Savannah)

HooGeniBcrka nipemist 1995
"for the detection of the neutrino and
pioneering experimental contributions

e 1 | ViR, to lepton physics"
Knaiig Koen  @penepik PaitHc PR PRy



<0.17 MeV/c?

0
1/2 -I)P/’

muon
neutrino

Leon M. Lederman Melvin Schwartz Jack Steinberger
Fermi Mational Digital Fathways Inc., CERM,
Accelerator hountain Wiew, Geneva, Switzerland

Labaratory, Califarnia, LISA
Batavia, llinois, LISA

1988 Nobel Prize in Physics "for the neutrino beam method and the demonstration of
the doublet structure of the leptons through the discovery of the muon neutrino"

<15.5 MeV/c?

0
12 -I)}
tau

neutrino 1997-2000
Direct Observation of
the NU Tau (DONUT)
collaboration

DONUT Detector for
direct observation of
tau neutrinos ()



Homestake experiment ta Solar neutrino problem

ve+ 3701 — STAr4 e

o P
Raymond Davis, Jr.  John N. Bahcall

(1914-2006) (1934-2005)

HoOGeniBcbka mpemis 2002

"for pioneering contributions

to astrophysics, in particular for the
detection of cosmic neutrinos

" _ Pa3om 3 Masatoshi Koshiba
Tetrachloroethylene (Kamiokande II)
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['irore3a npo nepeTBOPEHHSI HEUTPUHO

MESONIUM AND ANTIMESONIUM

B, PONTECORVO

Joint Institute for Nuclear Research
Submitted to JETP editor May 23, 1957

J. Exptl. Theoret. Phys, (U.5.8.R.) 33, 549-551 (August, 1957)

(1913-1993)

It was assumed above that there exists a conservation law for the neutrino charge, according to which 1
a neutrino cannot change into an antineutrino in any approximation, This law has not yet been established;
evidently it has been merely shown that the neutrino and the antineutrino are not identical per,rtieles.s’I If

the two-component neutrino theory!? should turn out to be incorrect (which at present seems to be rather
improbable) and if the conservation law of neutrino charge would not apply, then in principle neutrino
— antineutrino transitions could take place in vacuo. Even in this case, as well as in the case where one

assumes that to every world there exists an antiworld, the number of neutrinos and antineutrinos in the
universe would have to be the same.

IR. Davis, Bull. Am. Phys. Soec. IT 1, 219 (1956); M. Awschalom, Phys. Rev, 101, 1041 (1956).

1%1.. Landau, J. Expt. Theoret. Phys. (U.S.S.R.) 32, 407 (1957); Soviet Phys. JETP 5, 337 (1957);
T. D. Lee and C. N, Yang, Phys. Rev. 105, 1671 (1957).



Marpuus [Tonrexkopso - Maki - Hakarasu - Cakatu  (1962)
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As of July 2014, the current best directly measured values are:,
sin® 26, = 0.857 + 0.024
sin? 26,3 > 0.95
sin® 263 = 0.095 £ 0.010
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NEUTRINOS FROM SUDBURY MEUTRINO DBSERVATORY [SHD|
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Super-Kamiokande J-PARC
M A Near Detector 280 m
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©Kamioka Observatory, ICRR (Institute for Cosmic Ray Research), The University of Tokyo
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©Kamioka Observatory, ICRR (Institute for Cosmic Ray Research), The University of Tokyo




©Kamioka Observatory, I[CRR (Institute for Cosmic Ray Research), The University of Tokyo
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TABLE 1. Duata reduction steps.

Analysis step Number of events
Total evenl triggers 355 320904
Neutnno data Inggers 1453756 178
My = 30 G 372 RO4
Instrumental background cuts | 542 491
Muon followers | B0 9740
High level cuts” Q23717
Fiducial volume cut 17 R&4
Threshold cut 1169
Total events 11649
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5N The Sudbury Neutrino Observatory

vetd—sp+p+e (D0O)
voate—ov,+te  (H,0orD,0)

1000 tonnes of heavy water
loaned from Atomic Energy
of Canada Limited (AECL),
and contained by a 12 meter
diameter acrylic

vessel. Neutrinos reacted
with the heavy water (D20)




Creighton mine shaft head

Photo courtesy of SNO



Photo courtesy of SNO



Photo courtesy of SNO



Photo courtesy of SNO



Photo courtesy of SNO
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Photo courtesy of SNO



Photo courtesy of SNO



The control room for the SNO detector.

Photo courtesy of SNO



SNO surface control room in new SNOLab building. Photo by P. Harvey, Feb. 2006.




Photo courtesy of SNO
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Heuwtrinos are mixing between flavor classification and mass classification.
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[ The expected number of events without neutrino oscillation
100 - The expected number of events with neutrino oscillation

i The observed number of events in Super-Kamickande
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Status of global fits to neutrine oscillations

1.2

0.8

no- 050

0.6

NN

0.4

0.2

arX1v:hep-ph/0405172v6 28 Sep 2007

| 2.6 MeV

I I I I I I | I I I I I

_nooscillations ) e e A < et 1 @
i -
—_— o —— e
] L — .I_ SR _'l" N
L & ___r:::f-"- - -
h-! ii 5 B aladanit Il-..—_— I
_!.”r :; 1 iy - y = "T_"—_'E - e
e o —-—
M3 i
— am'=8.1x10%eVv’, s, =029,55,=0 | |

- amt=16x10%eV’ s, =031, s, =0 | | i
& : SR A =

- Am =1.7x10" eV, 5, =025 5,=0 1
-—- am"=81x10% eV’ 5, =018, 5], =01 =

1 I | I 1 1 1 I 1 | 1 ]_ I | | r 1 I | I 1 A I
3 4 5 & 4 8
E . [MeV]

34

Figure Al. Data divided by the expectation for no oscillations for equal bins in 1/E,,
(triangles) and in E,, (dots). Also shown is the spectrum for the best fit point (solid),
the local best fit points in the low Am? (dash-dotted) and high Am® (dash-dot-dotted)
regions. and for a large value of sin” 83 (dashed).



http://www.hyper-k.org/en/ _-,-.1\._: N B=HEANT
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25, May 2015 Hyper-Kamiokande paper is published in Progress of Thearetical and
Experimental Physics.

18, May 2015 [Topics] A strength test of new photosensors has been commenced.

19, Apr. 2015 The third Hyper-Kamiokande EU meeting will be held on 27 28 April at CERN.

25, Feb. 2015 The article "Physics Fotential of a Long Baseline Meutrino Oscillation
Experiment Using J-PART Meutring Beam and Hyper-Kamiokande" is submitted.
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@ Nobelprize.org

www.nobelprize.org/nobel prizes/physics/laureates/2015/

physics.aps.org/articles/v8/97 SQ@ Phys. Rev. Focus 2, 10
physics
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5uver-Kamlﬂkande Super-Kamiokande Official Homepage:
www-sk.icrr.u-tokyo.ac.jp/sk/index-e.html
SN Sudbury Neutrino Observatory Homepage:

% sno.phy.queensu.ca
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CERN
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S www.bnl.gov
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%'% Cornell University
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www.youtube.com/watch?v=RGv-pcKR{6Q

Neutrinos, Einstein, Time and Paradox: Tom Weiler at TEDxNashville

www.youtube.com/watch?v=BFcKx1L.0z41IM



