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Hitoshi Murayama: Director of the Kavli Institute
for the Physics and Mathematics of the Universe

Typical Theorists’ View 1990

i » Solar neutrino solution must be small angle
MSW solution because it’s cute Most likely wrong!

» Natural scale for Am?,;~ 10-100 eV?>
because 1t 1s cosmologically interesting wiong!

» Angle 0,; must be of the order of V, Wrong!
» Atmospheric neutrino anomaly must go
away because it needs a large angle  Wrong!

Hitoshi’s typical arguments
LP0O1 Hitoshi Murayama 6
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Motivated by an idea about quark flavor mixing, Harald Fritzsch and 1
invented an unprecedentedly untypical pattern of lepton flavor mixing

H. Fritzsch, Z.Z. Xing, hep-ph/9509389, Phys. Lett. B 372 (1996) 265
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For the first time, lepton flavor mixing with 2 large + 1 small angles:
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"Modest" Conclusions
1) Flux: ¢*8= 244*oosma)t:°"(s;¢r)m/ v
(0.38% for BPES, 0.47¢ 1» BP9®)
(2) No seasonal varialions,
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REMARKS BY THE PRESIDENT
AT MIT 1998 COMMENCEMENT
June 5, 1998

Just yesterday in Japan, physicists announced a discovery that tiny
neutrinos have mass. Now, that may not mean much to most
Americans, but it may change our most fundamental theories -- from
the nature of the smallest subatomic particles to how the universe
itself works, and indeed how it expands.

This discovery was made, in Japan, yes, but it had the support of
the investment of the U.S. Department of Energy. This discovery calls
into question the decision made in Washington a couple of years ago
to disband the super-conducting supercollider, and it reaffirms the
importance of the work now being done at the Fermi National
Acceleration Facility in Illinois.

The larger issue is that these kinds of findings have implications
that are not limited to the laboratory. They affect the whole of society
--- not only our economy, but our very view of life, our understanding
of our relations with others, and our place in time....
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Progress of Theoretical Physics, Vol. 28, No. 5, November 1962

Remarks on the Unified Model-of Elementary Particles

Ziro MAKI, Masami NAKAGAWA and Shoichi SAKATA

Institute for Theoretical Physics
Nagoya University, Nagoya

(Received June 25, 1962)

A particle mixture theory of neutrino is proposed.assuming the existence of two kinds
of neutrinos. Based on the neutrmo mixture theory, a possible unified model of elementary
Y - o

Y;=Y,C0s 0+, sin 0,

Y= —V,8in 0+, cos 0.

Bruno Pontecorvo conjectured
V <> anti-v transition in 1957.
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Congratulations from China
EiA D ¥ING Zhizhong <xingzz@ihep.ac.cn>
B 8] : 20155F10R06H 20:11:07 (EHA—)

TR S B

Wit A o kajita@icrr.u-tokyo.acip

& RmiEpTh [EFFE]

Dear Fajita san,

Congratulation=s to you! You deserve the Nokbel Prize!
This is the greatest news i have received this year.

i have just written a blog paper in Chinese to introduce
yvou and your work. Znother formal paper for a popular
science journal is under preparation.

211 the best,
Zhi-zhong
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Arthur B. McDonald
Sudbury Neutrino Observatory Collaboration
Queen's University, Kingston, Canada
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Takaaki Kajita
Super-Kamiokande Collaboration
University of Tokyo, Kashiwa, Japan
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"for upptéackten av neutrinooscillationer, som visar att neutriner har massa
“for the discovery of neutrino oscillations, which shows that neutrinos have mass"
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Re: Congratulations from China
EiHA L kajita@icrr.u-tokyo.acjp &4

B (8] : 20155 10H08H 22:13:37 (EHAM)
WifF.A ¢ XING Zhizhong <xingzz@ihep.ac.cn>

Dear Zhi-zhong,
Thank you wvery, wery much for the warm message!

Best regards,
Takaaki EKajita
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Atmospheric muon neutrino deficit was firmly established
at Super-Kamiokande (Y. Totsuka & T. Kajita 1998).
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Zenith angle distributions
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2-flavor oscillations
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4p — *He + 2¢™ + 2v, 4 26.73 MeV 1“*5‘5"5 ? neutrino
D9 ’
» -I— — energy - _I_ 2€
@
1 1 %He light/ photon

Hans Bethe (1939), George Gamow & Mario Schoenberg (1940, 1941)

Ray Davis made the first observation of
a solar neutrino shortfall (compared to
John Bahcall’s prediction for the v-flux)

at the Homestake Mine in 1968.

The simplest solution to this problem s
~ neutrino oscillation!
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R. Davis observed a solar neutrino deficit, compared with J. Bahcall’s
prediction for the v-flux, at the Homestake Mine in 1968.
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Strumia & Vissani, hep-ph/0606054. DATA

Examples: Boron (#1) v’'s ~ 32%, Beryllium (#) v's ~ 56%
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In the 2-flavor approximation, solar neutrinos |, (0) ~ 6 x 10% cm ™

are governed by ‘

o Am3, [ —cos26,, sin26,, ] N V2GoN,(r) 0
o T JAF | sin26,, cos26,, / 0 0

7.6x107 eV? 0.75x107° eV?/MeV (atr =0)

The matter density changes
1.97Am2 L) for solar neutrinos to travel

P(v, — v,), = sin” 20sin” ( Z from the core to the surface

P(v, — I/N)m

sin22§sin2(1'27Am2L) v)\ [ cosf sinf (i)
E ]Vu) ~ \ —sinf cosf |7,)

MSW

P~

0 =45

Am? = \/(Am2 cos 20 — 2v/2 GFJ\TEE)2 + (Am? sin 26)°

Am? sin 20
Am? cos 20 — 2/2 Gy N, E

tan 20 =
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Beryllium v’'s ~ 56% E, [MeV] Boron v's ~ 32%
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VOLUME 55, NUMBER 14 PHYSICAL REVIEW LETTERS 30 SEPTEMBER 1985

Direct Approach to Resolve the Solar-Neutrino Problem

Herbert H. Chen

Department of Physics, University of California, Irvine, California 92717
(Received 27 June 1985)

A direct approach to resolve the solar-neutrino problem would be to observe neutrinos by use of
both neutral-current and charged-current reactions. Then, the total neutrino flux and the
electron-neutrino flux would be separately determined to provide independent tests of the
neutrino-oscillation hypothesis and the standard solar model. A large heavy-water Cherenkov
detector, sensitive to neutrinos from ®B decay via the neutral-curent reaction v +d — v +p + n and
the charged-current reaction v, +d — e~ + p + p, is suggested for this purpose.
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The heavy water Cherenkov detector at
SNO confirmed the solar neutrino flavor
conversion (A.B. McDonald 2001)

The Salient features:

| Boron-8 e-neutrinos
e Flux and spectrum
e Deuteron as target
e 3 types of processes
e Model-independent

At Super-Kamiokande
only elastic scattering
can happen between
solar neutrinos & the
ordinary water.

MNeutrino Reactions on Deuterium

Charged-Current

v —
.‘3’ n Cherankov alectron
P ‘“\-\_\‘

neutrine deuteron \ @
@prmq:rnﬁ
Neutral-Current -
/' neutrino
vx I'"I
@ —
( S ®
= neutron
neutring deuteron @
proton
Elastic Scattering
//_/-".
'k'x
® - @ Cherenkov electron
neutring BIE:IrNun\‘\\ 9

neutring
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Solar electron neutrinos convert to

muon and tau neutrinos!

bdoc = 1.767 18 (stat. )+0:08 (syst.) x 10% em =2 s7!
Ops = 2.3970-2 (stat.) )15 (syst.) x 10 em =2 57!

ONC = 5.09+8 fé(sta,t ) 46 5 (syst.) x 106 em—2 51

O(ve) = 1767095 (stat.) T 0 09 o (syst.) x 106 cm=2 g~
O(v,r) = 3417045 (stat.) 0 (syst.) x 106 em =2 57!

Pcc = O(Ve)
¢ES = Qﬁ(l/e) -+ 0.1559@(1/#7)
One = Ove) + qﬁ(yﬁ”')

SNO Nuclex/ 0610020

- 2 C‘be
SSM S11 9 ~ 234%
12 ¢e 4+ ngT

J. Bahcall
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M. Koshiba: the first
The Nobel Prize in Physics detection of Supernova
2002 neutrinos in 1987.

“far ploneering contributions to “far pioneerin i
gs’%rg%hyzlﬁz gm partn:ul?r far the EDF’[EIE#’[IDHS%D ' '_sygpernova 1987A
etection of cosmic neutrinos” astrophysics
e discovery 0 ' 3
54-88-92 COSMIC }{-rawy R N &
sources" S !‘ : .'3", .
A lesson? i b

Raymond Masatoshi Riccardo
Davis Jr. Koshiba Giacconi
& 1/4 of the & 154 of the i 1/2 of the
prize prize prize

LIS A, Japan LIS A,
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We've learnt a lot from v oscillations: TR, u
2 2 ’ :
Amyy , |[Amg |, b1, 015, Oy 5, # ¢

It's more exciting that the SM is incomplete,
although the Higgs has been discovered.

But a number of burning questions:

A
(A1) :

L N
+ the absolute v mass scale? %
NI~

+ the v mass hierarchy?

+ the octant of £,.?
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Accelerator/atmospheric: terrestrial matter effects play crucial roles.

‘Amgl F24/2G_ N E‘ 6,;| its octant matters a lot

Reactor (JUNO): Optimum baseline at the valley of Am , oscillations,
corrected by the fine structure of AmZ, oscillations.
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| payaBay | VYangjiang |  Taishan

Status running construction construction
Power/GW 17.4 17.4 18.4

Idea 2008
20 kton LS detector

i i B 3% E-resolution
e Taishan Approved 2/2013

" 4¥angjiang Groundbreaking 1/2015
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