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Physics with Neutrinos 　　 ICU Nov.12th, 2003 　　　
 　　　　　　　　　　　　 Hiro EjiriRCNO Osaka University and JASRI Spring 8
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.
 • Neutrinos are Key Particles for
 • New Nuclear Astro & particle Physics and • New Technology in the 21 st Century. • The present lecture aims at presenting briefly • 5 current subjects of physics with neutrinos,
 • I. Neutrinos as key elementary constituent particles
 • II. Neutrinos as key astroparticles for cosmology
 • III. Neutrino masses and MOON
 • IV. Oto underground laboratory for neutrino studies
 • V. Neutrino physics perspectives and remarks• Thank Prof. M. Greenfield for this opportunity.
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I. Neutrinos as elementary particles
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.
 Matter consists of leptons( and e) and quarks/nuclons.
 e’s are trapped in a nucleus by electric forces, but’s are not.
 e : electric charge - or +
 : electric charge 0
 Neutrino is an elementary particle like electron.All consists of molecules/ atoms. Atom consists of e and nucleus,
 Neutrino is a partner of electron, but has no electric charge.
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Neutrino was predicted to conserve the energy by Pauli in 1930’s.
 np
 Beta decay e The total energy E= Mc2 + K(~Mv2/2)MAc2 > MBc2+mec2+Ke
 Bohr :Energy non conservation because of no other particles obser
 ved.Pauli : E conservation but
 an invisible particle, neutrino.MAc2 = MBc2+mec2+Ke+E
 nReines and Cowan found by observing
 an electronfrom v conversion.
 ?
 Nuclear beta decay A(n) = B(p)+e+?,
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Neutrinos are invisible, and escape with E through lead bricks, even through the earth
 Penetrability of particles from radioactive decay.He nucleus) 0.01 mm Al foil. (electron) 1 mm Cu.
 photon) 2 cm. Neutron 1 m . 100M Earth( 1000 兆ｍ）
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Momentum of Neutrino in Decay　　　　　　　　　　　　　　　　　　　
 Momentum .
 conservation
 Nuclear recoil Pr
 　　　　　
 　　　　　　　　　 Neutrino P
 　　　 Electron PeAngular momentum conservation :
 Spin n(1/2) = p(1/2) + e(-1/2) + ?(1/2):neutrino
 Electron
 Neutrino
 Recoil nucleus
 Pr + Pe +?P = 0
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.
 　　　
 ニュートリノ Mirror
 e
 Mirror
 Parity change
 Beta Decay Violates Parity
 P (x,y,z) = -x, -y, -z
 Neutrinos and weak interactions are left-handed　 only
 Right-handed neutrino No
 Left-handed neutrino Yes
 Rotate 180 deg on y-axis
 Mirror world not
 e
 Real world
 n right
 Parity change
 Mirror
 n left
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Neutrinos and Elementary Particles Elementary constituent particles. p and n : 3-ud quarks • Generation 1 st 2 nd 3 rd
 Quark 　　 u c b 　　　　　　　 d s t Lepton e
 neutrinos e
 Particles mediating forces Photon Electro-magnetic force g Gluon Strong(nuclear) color force W,Z Weak boson Weak force acting on neutrinos
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Neutrinos,nuclear weak processes, and
 weak boson.
 Charged currents by
 W+, W- exchange
 eW-
 n pWeak boson mass ~ 100 proton mass.
 Weak force ~ 10-6 of EM forc
 e.
 • .
 Proton (u-qark) Neutron(d-quark)
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Puzzles of Neutrinos
 • Neutrino mass ? • Why so light less than 10-5 (10 万分の１） of the partner,
 • 　 electron, the mass of which is 2 10-3 of proton mass(10-24g).
 • Neutrinos oscillate and mix over generation ? e, • Neutrinos and weak boson pure left-handed? or right?
 Heavy neutrino(R) Light neutrino(L)
 m(m/M)・
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Puzzle of Neutrinos.
 • Electron 　－• 　 Anti-electron =• 　　 Positron 　＋
 • Neutrino • Anti-neutrino
 • Same: Majorana• particle• Different : Dirac
 Neutrino
 Anti-neutrino
 Electron
 Positron
 ProtonNeutron
 NeutronProton
 W
 W
 Left-handed
 Right-handed
 Neutrino = or =anti-neutrino ?
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II. Neutrinos and
 Cosmology
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。Neutrinos are produced
 in the sun 　　
 Solar energy by nuclear reactione - + pp = n p+ pp= pn +e+ + e
 = dNuclear energy
 Electron energy is converted to lights,
 which reach the earth as sun lights
 Neutrinos passing through the sun, and reach and go through the earth. 6.1010/sec/
 cm2 　 600 億
 Nuclear fusion
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Solar neutrino
 capture on the earth
 • Major
 • p+p=D+e+ e n p100Mo 100Tc
 Mo
 Tc
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Puzzle of Solar Neutrinos
 • Solar light energies observed at the earth,• Solar nuclear reaction rate,• Expected e-neutrinos on the earth.
 • Observed • e-neutrinos • only a half
 • Disappear?• where and how?• Oscillate from e- to
 Kamiokawater
 Sudbury heavy water
 Sun
 High E B8neutrinos
 Canada
 1st e-neutrinos
 US CCl4
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Atmospheric Neutrino Oscillation
 2nd generation oscillate(change) to
 • 3rd generation
 •
 • e e,
 Earth
 Air
 Cosmic proton
 Earth
 Air
 E
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Super Kamioka
 • Water Cerenkov • detector with• water 22 k ton.
 • Neutrinos kick out electrons, Cerenkov
 • light by photo-multipliers 12000
 • at 1000 m • underground.
 Prof. M. Koshiba
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Supernova Neutrinos
 • Heavy stars, after burning out, collapse and explode.
 • Moat of energies are carried away by neutrinos.
 • First observation of 1987SN at Kamioka and USA.
 Neutrinos
 Supernova explosion
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The universe, Neutrinos & Dark Matter
 The universe is full of neutrinos, 300 /cc, photons 400/cc, proton 1 /l0 m3.Note in our body : 1.5 107, p: 1,5 1028 (100 兆 *100 兆）
 The universe consists mostly of invisible dark matter 　 (DM), partly heavy particles like SUSY and partly light particles like ’s.
 Then the neutrino mass in eV region is crucial for DM
 Rotation velocity constant
 Dark matters
 Galaxy
 　
 To compensate the centrifugal forceF = G mM/r2 = F = mv2/r, v2 = GM/r = const
 Galaxy
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III.Neutrino Mass by Double Beta Decays MOON
 Molybdenum Observatory of Neutrinos
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Neutrino mass by double beta decay
 • n + L = p + e left-handed screw in
 • n = p + e + R right-handed screw out
 • n + L = p + e
 • Right left change
 Nucleus = 10-12 cm 　 1 兆分の１ cm
 Elementary particle microscope
 　　　　（素粒子顕微鏡）
 Atom = 10-8cm 　１億分の１ cm Electron microscope （電子顕微鏡）
 Bacteria cell = 10-6 cm Optical microscope 　　
 e
 e
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Neutrino L-R Helicity & Mass
 • 　　　　
 Neutrino mass=0, light velocity. One can not run faster than the neutrino, no change of right-left helicity.
 Neutrino mass non-zero. Driver in a car running faster than the neutrino see the change of the direction and the helicity R-L.
 Right-handed anti-neutrino
 Left-handed
 Car with v’ faster than neutrino v Driver in the car sees
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ELEGANT V detector
 ELEctron GAmma Neutrino Telescope
 • エレガントなアイデアと手造りが生んだ世界最高の検出器
 Lead and cupper shields
 NaI -track100Mo
 PM
 PL..
 PM
 Elegant Ideas & hand made high sensitive e() detector
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MOONMo　 Observatory　 Of　 Neutrinos
 High sensitive detector R&D 　
 Super module of 100Mo isotopes and scintil
 lators for tracks, energie
 s, times
 High purity(10-12) & selectivity(10-12)
 Multi-ton detector model
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IV.Oto Cosmo Observatory
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Osaka Univ.
 Oto
 Air port
 SK
 Oto Lab. is close toOsaka Univ. 100 kmKansai/Osaka Airport 40 km
 ICU
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Oto Cosmo Observatory　　　　　　　　　　　　　　　　　　
 Lab.II Lab.INishitishinoOto
 ToOsaka
 ELEGANT VI Double beta
 decays of 48Ca and dark matters
 ELEGANT VDouble beta decays of 100Mo and dark
 matters
 100 km south of Osaka, near Int. Airport

Page 30
                        

Experimental Room I
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V. Neutrino physics perspectives and remarks
 • .
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1. The neutrino is a window for new nuclear, particle and astro physics
 • The neutrino is the most simple particle, • has only a weak charge, but no electric and color(strong-nuclear) charges. • Neutrino sudies open new elementary particle physics.
 • The universe is full of neutrinos, and • neutrinos come through the earth, the sun, supernovae
 and through the universe. • Thus neutrino astronomy opens new astroparticle scie
 nce and cosmology.
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2. Neutrinos open new communications through the earth, sun, & universe.
 with ultra-high penetrability.
 provides information on inner regions of the earth, the sun, & the universe
 is a probe for and communicate through them.
 20th century: electron-nuclear era. IT with tel., TV, electro-magnetic
 wave, electric computers. Energy with electric power,
 nuclear (solar) energy, RI,
 21st century: neutrino-weak era?
 Sun
 Supernova
 Earth
 ICU
 UW
 Universe
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3. International Collaboration for New Physics and Technology
 Kamioka
 ICU
 Oto-Osaka
 UWDuke,S-C
 alorina
 PNLPraha
 MOON-Najorana
 SNO
 ONR
 Fermi
 CERN
 Neutrino mass-oscillation phys.
 Neutrino beam science
 Neutrino technology
 JINR
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MOON collaboration .• H.Ejiri*, R. Hazama, T.Itahashi N.Kudomi, K.Matsuoka, M.Nomachi, • T. Shima, Y.Sugaya, S.Yoshida. • RCNP, and Physics, Osaka Univ.• P.J.Doe, T.L.McGonagle, R.G.H.Robertson*, L.C.Stonehill, D.E.Vilches, J.F.Wil
 kerson 、 D. I. Will. Phys. CENPA, Univ. Washington.• S.R.Elliott, LANL• J.Engel. Phys.Astronomy, Univ. North Carolina. • M.Finger, Phys. Charles Univ. • K.Fushimi, K. Ichihara, Y. Shichijo, GAS, Tokushima Univ.• M. Greenfield, ICU, Tokyo.• A.Gorin, I.Manouilov, A.Rjazantsev. High Energy Physics, Protvino.• Kuroda, CERN. • A. Para FNAL• A. Sissakian, V. Kekelidze, V. Voronon, G. Shirkov A. Titov, JINR • V. Vatulin, V. Kutsalo, VNIIEF
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4. RCNP(Research Center for Nuclear
 Physics)Osaka Univ.
 • National Nuclear• Physics Lab.• for • Nucleon-Meson
 Quark- Lepton• (neutrino)• Nuclear Physics
 •
 ICU
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Solar Neutrino ResponseSolar
 Cyclotron 3HeeT
 Ga(n) Ge(p)
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Nuclei, elementary particles,
 Cosmology. Microscopic world
 of matter
 For undergraduate science course
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Nucleiand
 elementary particles
 From
 atoms, nuclei to
 quark and lepton(electron and neutrino)
 Text book for Undergraduate physics course
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Neutrino Studies with young active brainsOpen
 New Astro particle Physics
 New Technology
 In the 21st century
 Thank you for your attention
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