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Frederick Reines (left) and Clyde L. Cowan, Jr. with the control equipment
used in their first tentative observations of the neutrino at Hanford, Washington,

in 1953. Their definitive detection of the (anti) neutrino was performed at Savan- 1 9 9 5 N O b e | P rl JAS A F R e I nes

nah River, Georgia, three years later. (Courtesy General Electric Co.)
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Tritium Source Transport Section Pre- and Main Spectrometer Detector

Tritium decays, releasing an electron Electrons are guided .| The electron energy is analyzed | | At the end of their
and an anti-electron-neutrino. . towards the spectrometer by applying an electrostatic journey, the electrons are
While the neutrino escapes - by magnetic fields. retarding potential. .| counted at the detector.
undetected, the electron starts its Tritium has to be pumped Electrons are only transmitted Their rate varies with the
journey to the detector. out to provide tritium free if their kinetic energy is spectrometer potential
spectrometers., sufficiently high. and hence gives an
! L integrated B-spectrum. 14
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Carl Anderson and Seth Neddermeyer with magnet cloud chamber.

This piece of equipment was used by Anderson to discover the positron--the first empirical evidence for the
existence of antimatter--in 1932. Four years later they announced the discovery of mesons (muons).
Housed in the Guggenheim Aeronautical Lab, the apparatus was in service for seventeen years.

http://caltech.discoverygarden.ca/islandora/object/ct1%3A6643
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C.Anderson & S.Neddermeyer

FiG. 13. Pasadena, 4500 gauss. A complex electron
shower not clearly defined in direction, and three heavy
particles with specific ionizations definitely greater than
that of electrons. The sign of charge of two of these heavy
particles represented by short tracks cannot be determined,
but the assumption that they represent protons is con-
sistent with the information supplied by the photograph.
The third heavy track appears above the 0.35 cm lead
plate where it has a specific ionization not noticeably
different from that of an electron. It penetrates the lead
plate and appears in the lower half of the chamber as a
nearly vertical track near the middle. Below the plate it
shows a greater ionization than an electron, and is deviated
in the magnetic field to indicate a positively charged
particle. Its Hp is apparently at most 1.4X10% gauss cm,
which corresponds to a proton energy of 1 MEV and a
range of only 2 cm in the chamber, whereas the observed
range is greater than 5 cm. A difficulty of the same nature
was discussed in the description of the previous photograph.

Phys. Rev. 50 (1936) 263
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3a BpeMeHa T=10""—10"'2 ¢, NpOUCXOOUT CIUIHUE UX dIep 3a
CUET CUJIbHOTO B3aMMOIEICTBUY., B peakInsIX

d 4+ 'd—3He 4 n + 3,3 MaB,
—t+p+ 4,0 M3B,

d-+1t—*He+n- 17,6 M3B,

t+t—He -+ 2n -+ 11,3 MsB.

[MNockonbKy 3TU peakuum B Me30oMoneKkynax uayT B NPUCYTCTBMM MKOOHAa [J |, TO ANA Kax QoW N3 HUX BO3MOXKHEI ABa
MCcXona, a MMeHHO, MKOH MOXET Unu ocBoboauMTLCA, UNK e obpaszoBaTte Me3oaTom rennAa. CBoDOOHBLIA MIOOH
MOMET MHULUMMPOBAaTE CNeOyHLYH peaklni CUHTE3a, a MIOH, 3aXBaJYeHHblA AOpoM renuAa (ansda-JyacTuuen) —
HeT. Takkum obpa3om, YNCNOo peakuWi cuHTe3a X¢, MHUUWMWpYeMOe OQHWUM MKOHOM, OrTpaHu4eHo BenUYMHOK

ko3 PUUMEHTa NPUNUNAHWA MHOHA K renuiol’] (~0,5-1%). JKkcnepMMeHTansHO yOanock NOMNy4YnTe 3Ha4YeHna X
~100, T. e. 0gWH MHOH crnocofeH BrICBODOOWTE 3Heprnio ~ 100 x 20 MaB = 2 '3B. Ho ata BenndunHa BCe Ke
MeHbLUE, YEM 3HEPreTUYECKWe 3aTpaThl Ha NPOM3BOACTEO CAMOIND MKOHa Ha yeckopuTtene (5—10 N'sB anAa nydka
OeATpoHOB). Takkum obpa3om, MHOHHBIA KaTanusa Nnoka sHeEPreTUYEeCcK HEBLINDOHLIW npouecc. KoMMep4YecKu
BLIFOAHOE NPOW3BOACTBO SHEPIMW BOAMOMXKHO NpK (X ~ 10*

Jdtehlsi2dz o w, 1 jlstetses 5 1, 1 cdtsd3Otejo [ R "[5 t5dzedd48 (1W®;sOdzdL d WwWHJtds 2 B
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The technique of muon transmission radiography based on cosmic ray sources was first used in
the 1950s to measure the depth of the overburden of a tunnel in Australia and in the 1960s to
search for possible hidden chambers in the Pyramid of Chephren in Giza

In 2003, the scientists at Los Alamos National Laboratory developed a new imaging technique:
muon scattering tomography.

In August 2014, Decision Sciences International Corporation announced it had been awarded a
contract by Toshiba for use of its muon tracking detectors in reclaiming the Fukushima nuclear
complex.

The Moon's cosmic ray shadow, as seen in secondary muons generated by cosmic rays in the
atmosphere, and detected 700 meters below ground, at the Soudan Il detector (~ 5 x 8 x ) 4
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In 2011, a reactor mockup was imaged using Muon Mini Tracker
(MMT) at Los Alamos at Three Mile Island Nuclear Generating
Station

(The Three Mile Island accident occurred on March 28, 1979)

- 0.06

005

- 004

- 0.03

- 002

Left T Lead reactor core with conic void.
Right i Observed core where average scattering angles of muons are plotted. The void in the
core is clearly imaged through two 2.74-m concrete walls. The lead core of 0.7-m thickness gives

an equivalent radiation length to the uranium fuel in Unit 1, and gives a similar scattering angle.
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SYMMETRY on line magazine about particle physics 11/09/15: Neutrino experiments win big again

On Nov. 8, representatives from five different neutrino experiments accepted a joint award for the 2016 BreakthroudfuRde@émtal Physics.

The Breakthrough Prizes, also given for life sciences and mathematics, celebrate both science itself and the worksoTlseiamtzad was founded by Sergey Brin, Anne Wojcicki, Jack Me
Cathy Zhang, Yuri and Julia Milner, Mark Zuckerberg and Priscilla Chan with the goal of inspiring more people to puriie sctgavors.

This yeards $3 million prize for physics wild.l b e s h aedie @hina, the KambAND col@botior in Jagan, thekihs :
(KEK to Kamioka) and T2K (Tokai to Kamioka) lodzaseline neutrino oscillation experiments in Japan, Sudbury Neutrino Obsgf&li®) in Canada, and the Suamiokande
collaboration in Japan. These experiments explored the nature of the ghostly particles that are the most abundantticiadsitkepaniverse, and how they change among three types as t
travelAl most 1400 people contributed to these experi ment sntié¢r hegond, ahd possiblyfar beyahd, thenstandard mode
particle physics, 0 according to the Breakthrough d®eizedasdpmasygy mef eamgsfidgheegual
during the ceremony at Mountain View, California. There are many questions left to answer about neutrinos, including neassribely have, whether there are more than three types, an
whether neutrinos and antineutrinos behave differenfiybroad slate of oscillation experiments are currently studying neutrinos or planned for the future. Daya Bdy, B2ipeand
KamLAND continue to research the particles, as does an upgraded version of SNO, SNO+BHsedJBINOS+ and NOVA are currentiking longbaseline neutrino oscillation data. The
Jiangmen Underground Neutrino Observatory is under construction in China, and the international Deep Underground Netitrieot Exprogressing quickly through the planning phase.
Many others dot the neutrino experiment landscape, using everything from nuclear reactors to giant chunks of Antaledimio®ote about the hatd-catch particles. With so much left to
discover, it seems like there are plenty of prizes left in neutrino research
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HaumoHaneHLEIR MCCNeq0BaTeNLCKWA AAEPHLIH YHUBEpCUTET "MM®K” B +7 (495) 7588-56-99

ABurypuentam  Crygpedtam  MHocTpaHHbIM rpaxpadam  [penogaeaTtensam M COTPYOHWKAM

MHDOPMALLMA KAPBLEPA U PABOTA HAYKA OBPAZOBATENBHAR OEATENRHOCTD MPECC-LLEHTP

MNpencraeurenn HUAY MU®U yaoctoeHbl 04HOA M3 CaMbiX NPeCTHXKHBIX Harpaa B obnactm
¢ynnamenTanoHoH pusnku — Fundamental Breakthrough Prize

8 Hoabpsa 2015 roga nNpencTaEMTENAM NATH PA3NHUHBIX HEFMTDHHHEIX 3KCNEPUMEHTOB, BKMOY3A naypeatoe Hobenesckoi
npemumn 2015 ropa Takasky Kamxwra w Aprypa Mawk[owanma (cm. doto), epydena obbenmHedHas npemus 2016
Breakthrough Prize in Fundamental Physics.

«[lpemMua 32 Npopeies, KOTOPYK KM3gaHMe The Guardian HazwieaeT «HayuHbiM Ockapoms, Bena yupexaena e 2012 rony. B
3TOM oy NpW3 B pE3Mepe 3 MNH OONN3poE B pa3gene dyHOIMEHTaNHOW GW3MKKM DyoeT pazgensH Memay MATHO
KOMaHaamMu, npencraenswoiimy Daya Bay peakTopHuI HERTPHMHHEIR 3kcnepumedT B Kutae, KamLAND konnabopaumio B
fAnonmm, KZK w T2K 3kcnepuMeHTsl No OCUMANALMM HEWTPWMHO Ha AnWHHOW Gaze B Anonwwk, Sudbury Meutrino
Observatory (SNO) e Kanazge w Super-Kamiokande konnabopaumio B ANoHMKM. ITH 3KCNEpUMEHTEI MCCNEN0EAIW NPUPoLY
#UFCTHUBI-NPH3PaKa», Hanbonee pacnpoCTPaHEHHON MaCCMEHOM YacTHuel B0 BoenedHol W BapMauMK & TPEX COCTORHMIA
MpM ABMAEHHH,

Cpenu 1300 HOMWMHEHTOE NPECTMXHOW NpemMuK 3aBenyrowmni kadegpoi N211 «3kCnepHUMEHTaNBHEIX METOA0E AOEDHOM
vk akagemuk  PAH  B.AMateeee, npodeccop kadeopw  N211  HO.MKyoeHko, HayuHeld  pyKOBOOWMTENG
mMexkadenpansHoi nabopaTopuu 3KCNepuMeHTaneHoR saagepHoi duzmkn HAAY MADK H0.B. Edpemenko.

B HOMMHaLMM npemMHH CKd3gHO, 4YTO OHa yJypexwgeHd 33 q]‘}"H,\'J,EIHE‘HTEIJ'II:HEIE OTKpBITHE W MCCNenoBdHHE HEﬁTpHHHbIK
OCUMIIALLMHA, KOTOPBI2 OTKPBIEGHT HOBRIE TOPDWI0OHTEl 38 NpegenaMy W, BOZMOXKHD, ropazgo ganblle CTEIH,D'EIPTHUI:I MoOenu
INeMEHTapPHBIX YaCTHL#.

KonvuecTeo noxa3loe: 73
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Observation of coherent elastic neutrino-nucleus scattering in 2017 at ORNL
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D. Akimov et al., Science 10.1126/science.aao0990 (2017).
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