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&. Conclusion : Neulbrino physics on Zhe
threshold of the new century
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First erperimental period (/1899-20s) .

( Radioact. famebes Meavier Pb )

= p-pacticles are high-vel. elefrons from nucl/
(N.Rohr)

~ ér,:ev'. p—spccfra- consist of p-&'nes + cont‘:'n.ﬁ

- p-C&nes are result of imfernal comnvers,on of

nuel. ¥-vreys exifed from alomic oréifs ( Rather ford)

- nucle. have excited shates decay ed éhrouyh §-rays
Po-vays preceedeqd nuclear V.

- Cont;'n.ﬁ-&p!cf’rum s S of- PYJ'Marg ov.'g;'n and
F-rays can e alsent (RaE). It have the p-sp.
upper CUm.t.

- heat effect of P-vays shows ifs mean energy
that /s ¢n contracliction with cenergy cons. Caw,
Mowever 1t can €e Yestored 'f one uses in

Pk charns the upper &Gmits (ThC -ThY)

- huclear structure s expla/ned on p-¢ medel Gase.

Thes ¢t was formulaled an experimeutal paraciox
- observed wielalion of energy conserveltion Caw.
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Conclusions of 30 beg i aning
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HY ..‘.1.Flb---'-="~lJ 3"dp¢"m¢ >
Divac
m:=0 "h'ya

P- noncowsenva tion .

L'.‘:Gp**be'
L;G,bp*«-!m.

p-decay: AN 2) — AN-{,2+) +e7+Y  Faue;

' S - { - -
Hyp = e(@¥8p) (2 3,:6);, Hy = Ge(Bhn) (€Yv)
quaut. e&.ch'Od;Mh;cs FCYM‘ 't}..ﬂj
e’ s %54 GFm; ~ 107

Nowdatectable neutrivo 0

AN,?) ~ AN+, 2-1) + e* +v #*-decay
€™ + AN)R) — A(N+{, 2-4) IC'- cap tuve
AN, 2) = AIN-2,2+2) + 2¢~+2y 2f5- decay

H’tC;(PO;n)f&-O.‘\))
0:*4(5) ¥pl¥) Guu(T) iYWl (A Us(PS)



1933 . Peginning of Majovana Physics .
Ettore Majorana

“Symmebrie Theory of Etecteon and Positron .

Nuovo Cim. v. 14 {93F p. 171 (Phys.P.a N. v.3¥ 2003 p. 129 )
tin Russion P.!SQ)

Main stems:

A - A -
(¥ +(8,p1r+ pme) Wi, = O

Ay 2 9.0 , 9 =P.5v X G;-?.G‘; ’ p'-?ig g-ol
L . l . 0 g:,}
" & s - ,d’ 2 i
o dy = Ps % PEoph ((f’.-'o) 0)
Major. (& - @7 -ipTp)wed=0
veal vea

WE,2) = UGEH+ s Vol) = ReW +iImW
($d -@spplubro (- @D epn) VN0
Two independent equations jov new pacticles (teuly newtval)
C-teamsformation:  WNT )z gy WHED = 2 WD
UG, W) = Wi $) = W)

VTR WhiE )z - WD = % 1)

mayovano condi bioms : w1 = 2 W, t)

joe heutral Pactictes : v, n ¢

Hure s the Geginning of Nonshandavd

Newbrino onpvh'cs?



Fivst theovelical peviod (1929-3%) 1.
(on Quant.-meeh. picture €ase)

- The fundameut of Quani.- meeh. picture for

atomie [”thm!hd (Sehrcd:'»gcr) was descv Gec/
How/ever:

- There was no huc(‘.Plnh. P*f“-'h‘ﬂ

- Theve was ho reladivistic phen. pieluve
Divac eguabion Cut no e
~ There was no p-decay pirctuve

- There was Weye egualion 6ut with P-nonconsery.

- Two er.fs: Pohr's hypothes's on £ -noncousery
on nucleav lovel

Pawut; ‘s hw'otl-ts.‘s on new , newlfral particle

éxporo‘n.df:cewra‘u af e"' , n

Consequences: pP-n nhuel. mode€
relaliv. Quanfum e&clrodynam/es (QED)
newtrine Pauts hypoth.
Ferm f-decay thiory Jn anralegy with QED
éshmatfions of m, , oy
Cnmrd&ea}.ou of Fermi sch. to 5 variauk
oo 6y Konopinsky- Ulhlon beck

But Majorana Aypoth. about neutr. paréicles Q=0

Thus . new part‘:c(cs weve diteovered and theory
of weak processes c-asf'rud‘cd 6ut
- What Vdr.ou'fcffber_y

- What /s che 59 ang hqj,h ‘yﬂ° 7



newtrino in decay processes (%0’s-50's y«aff'

Nuclsar p-dung:
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Summavies to midolle 50'3.-



i2.

Neutvino of HO's years

® my < 500eV (T) | (Bupu+ml dy =0

15 Vivac Vv
P AN, 2) = AIN-4 2+4) +Q 4y
K

8% A(N2)— A(N+L 2-1) +e*+)
AN, 2)+e” — BN+, 2-1) +)

W= p+N M>e+V+Y

Hyp = i” [p!,,n](éxpv) + h.e. l‘ermi)

.49-.. EFt[ﬁD{n](EOi\\)-Ai +hec. (Geneval 5OM)
0;= 1(5) ¥V LG (1Y Bd (A | Bg(PS)
grpevim.data : S+ T

t{-ﬂp ) eV - covrvel. 95 -covvel.

Rllowed and }OYGJJ. p- tvans: tions .

Protlems : Yy dgas not obsevved °
N v - v ?

Magovana 3 What is it 7
Weyt qud‘ion



Road to m-meson? ™

N-N jorces (19%2) Fm4'
P n

P e n
Tamm s l\gpotku.‘s (1985) TAT

I

: A0
Tukawa s k,poll-ts.'s (1935) I.fww

Mg ~ 100 MeV " ¢

Cosm.c Yays (1938) ——-»-p‘-a.l-.oulcrs

p- mdu‘oacﬁv.'fg (194)) M- — e+ neutv. part.

No p-e¥ (1948) M~ e+

b-decay of M (1948) MT— eT 42y

M -¢e -analogy
- flnes: PP — P+mn+ I (1948)
-decay : T2 ptay (1947)

ntaezsy



1946 Inverse p Process . P>.Pontecorvo.
NRC of Canada 6 DoAE, Chatk R'ver
Report PD-205 | 1946

... Bivrect proof of the existemee of neufrimo... must Se

based on evperimenls | the /nferprefation of which does not

vequive the Gw of consevvalion of ehergy , €. on €xpeviments
‘n whith some characlerishic process produced by fFree

neutrines (e process produced 6y neufvinos affer they have
Ceen emitled in a disintegrafion) /s olserved.

p T+ 2 —= v+ (2-4)

V+Z > P 4(2-4) , V+ 2 — P‘+ (2-4)

V4 Zep(K) — 2-4

V2 = Vs P +(244) 9*2-—-}*}"4(3-”

(anu,uu.f(y , the Yado'oqc.fc'w'!y of the produced nueleus
may $¢ loked for as a proof of the /nverse precess.

An érample:
v+ 3ce — P A X v+ "’uﬁr — ﬁ-ﬂ‘ ”’"Kr
"ﬂf _— 3¥c¢ °0

"‘.'Kr - ’.,.' Br
(34 dlays, K'-captuve)

(vess 3sect ons

Cinw < at.

ﬂ'”
e

(o~ 10" cam® E, = 5Uev)

(34 h; emission of pesitreas of 0y lew)

",



S'owfces.

" Ghe newtrine flux from ihe sun is of order of 10" mew trinos
em 15t The newtrinos emilted by the sun , however, are not very
enevgelic. The use of high inlensity piles prrmifs two poss/éle

strong neulrrno Sowrces:

4. The nentrino seuvee s the pife a‘fsdf, cuving operation ...
Jhe adventage of Such an acrangemenl /s the posriGelrly of
using high energy newlrinos emithed 6y all the very short peviod
fassion fn,u-ouls. Pretatly this /s the most convinient

neutvino Sewree.

2. The nautrmino souree i3 the “hot " ucanium metal exivacted

from a pife  or the fission frogemenl coneenfrale from "hot "

uvanivm melal .

In the case of the ‘nveshgalion eof inverse P processes
produced " eleclrens of ¥ rays of hl,h energy the Cest

souvee 15 o Celalron ovr a synchrolron ..

Chatk River laberefory November 13 , {946
Chatk River , Canada

1t ;s dhe flrsf' Newtn'no Prv’nunc..

l S.C;( v J Road:r v ’ Lﬂcuh‘r‘.{or v !

5.



1.
194 % Nueleac Copture of Mesens and the Meson BDecay

® .Pontecorvo NRC o Canrade , Challc River ,Ontavio, Canad

Phys. Rev., (Qu¥, v.12, p.246

The eyperiment of Cowvers: , Pancini and Pieeioni [4] indieates
that the protalilily of caffure of o meson €y nue&i (s much
smaller theh would be expected o the basis of ‘ukawa theovy...

g We notice that the prebabilly (about io‘ue")q. captuve of
a bouwnd mgc.fi‘w. meson s of dhe ovder of the pratabilily of
ovdivary K-captuve peocesses  when allowance is macle $ov the
dijperence in the disintegration evovgy awd the difperemee ‘n dbe
velumes of the K shatl and of the meson evéit, We assume that
this is signigicant and Wish Jo discuss the possiéiCily of a
jundamenlal awvalogy Cetween P processes and processes of
emission or alsevplion of chavge mesons... f

In the hypothes:s .. the precess of nuolsar absorbtion or
production of o 3ingle meson would 6e accompanied Cy

the emission of o retrino,

June 24, 1943

[4] Convers! M., Paneini E., Pleeion: O, [/} P’H:.Rﬂl., 1943,
vel. 71 |, £.209 : % also S'gurauivson T. “famalkawa A
I Phys. Rev. 1943 vel.31, p. 319

Thus : M+ AINR) —= v + A(Ns1,2)

D+ AN —» p" o AIN-{, Ro1)



1948 - 1950 B. Pontecocwo's avticles

p-e - decay
“The atsevptien o4 chargcd pavticles vom the 2.2 -micvo-

second wmesen decasy U (with E.P.Hincks)
Phys.Rev. , 1948 ,vel. ¥ 6 p. 693

-Sa«k jor gamwa vodiation in the 2.2-micvosecond meson

deeoy peocess (With E.P.Mivncks)
Phys. Rov. {948  vel.33 p.25%

“Own the 0bGsenee of photons among the decay products of
the 2.2 -microsecond meson  (With E.P.Hineks)

Phys.Rev., 1950 ,vet.234, p.28

“On the disintegration products o} the 2.2 .mievosecowd ’muon:

(Wilh E.7. Hincks)

Phus.Rey., 1950, ve t. 32 p. 402

M= e+ +» y M—->e+¥ (No?)

p-dccaj "The newbrine awd the veeoil of nucler ‘n

teto. disindeqration’  Repovts on Progress i Phusics
Lomedon: The Phisical Sociely 1948 vel. 44, p.32

“'ﬂ'u. P speeteum o4 W : (With G.C. Hawna)
Phys. Rev. , 1849 | vel.3S, p. 983 m, < 500eV ?

" Recent devetopments in proportional counter 'l’lchm'que'
Hetv. Phis. Acha , 1950, ve€.23 , Suppl.3 p.9%-ns

“.



Second expcr:'mcufae pev.od (30s - 50's) et
(Wi de a'nvesh‘ga?‘:'ohs of decay processes )

- Nucl. physics was dcwfa/ocd , new classes of
p-processes wevre oCsevved : A%, I(-ca,,f“"
2p (th.) |, newutfron P -decay

- New pavbicles weve discoveved - mesons -
T,K ,K°, W-exch. meson hypoth. , K% osestt.

~ M-meson and ifs radioackivily was e@served
3-part.decay with 2 neutrino partieipation

- New astrophysical concepts :
star neulven cellapse
P-P cicle in Sun

~ Rraclors as V- sources V+p = n+e?t

- V experimenfs 6ecame reali dy :
my estimalion from T-dfcag
Regrsteation Vv from readtor

V flux from aceelerators
oy ~ &y

Thus meutrino 6btcame a real object
for pkys.'«( o‘lmsh‘yq tions !



Newtrino theory and Standavd Moclel &Eirth. 9.

(1953 - 1967 )

Lepton charge

Tang - mi¢es f.'e(ds
CPRT- theorem
cvde - A’Po thes,'s
P-nonconservalion /n weak processes
vn )5-d¢e43
vn p, T -deeays
CP-conservation

2-001-’0“&’ nwe rlino
Univevsal V-A dnfer.

v-ese &labion ‘l’poUus.'s
PcAC hy,oaihes.'s
Sul3) symmetry

CaGibo angle
cCP-vielakion

Forming of Slondavd Modet

Electroweak inferaction

Colibration theory = gauge ﬂ!wrg

Higgs mechan sm

nom‘uhqnl Quark cl-ar,es
Standard Model

SM reno rn.o&'?a‘:‘&'[y

Wee k inlerac ffon i'n d.hhs
Weak NN ‘atevaction

marz , 2eldovich,
Kokopi/nski- Mahmoud 53

‘l"ang,m.'lfs, 5Y
Luders, PauC:, 54
Gershten, 2eldovich 55
Lee, Tang 56 (Shepiro 55)
h/u,, -1 4
Garvin, derman , Weinvih
Fracdman Telegd), 5 ¥
Landau, e Yang, 57
Landewv, Salam, Sakura,, 5%

Gell-Monn , Feynmon
Sudovshan , Mavrsha k , 5%

Pontecorvo, S¥
Gold €evger, Treaeman 58

Gell-Mmonn, lLvi,Okun ’

Kob zarev
Cab/80 ¢3

52-¢3

Christenson, Cvonin, Frbeh 6y

Tu véay

Scllllﬁ'hyﬂr, 5
GCashow, 6/
Nigge, 6y

Celd -mane, 2wey, GY

Glashow, Salam, Vel'h";
t'#oofl-’ 2/ 6/-6

2eCalovich, Khriplo vich 5

BGn-Shoyt Shapiro, Lovashey, és

luou; (44
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195% Pontecorvo veturns to newtvimo pPhuysies
tadter T.R.lee -C.N.Tang A, 1953)

“Some vamarks ow 3€w proceties of 'l'ranspmaﬁon of
clamentary perbicles " (With L.B.Okun)
Zh.Ech.Twr. it . 1657  vel.32, p. 1587

BDiscussion on nonlepton weak precesses and eshimations of
Wy — ?, process by uding 16S] =2 weechanism

0 - . e
Mesonium anmed antimesonium

Z2h.Eksp.Teor. Fiz, , 1953  ve€.33 p 549

" Ge€l- Mann and Pass [1] fivst pointed out the interesting
comsequence of the fact that K°and K°pactictes ave not identicot [2].
The peossibilily of k9 K° 2rans;tions ineluees) €y weah interackions
mabes 1 necessary o consider areutral K’ meson as @ mixture of
parkicles of diffevent lconbined) [31parily (K] ana £2),

We discuss heve Jhe peablOn as to whithoe Fhave exist othoy “mited
neutrat particles (net recessary “eCmentory “ones) whieh ave not
vdentical fo the corvespensling antipariicles and fov whieh
parkicle == ant'pariicls trams'tioas arve not striclly forbidden,

Cy comservaticnm Caws for the number of Canons ard Cght
foemions (... nuclar [4] aned nuelrino [5] charges ) .
(p'e") —» ((VeVU)Y —— tuTe?)
. The Cow of conservalion o} neuslrine chavge s not yet depial lely
leblshed : i1 s onty establshed expenmenlally that nufrino avd

aubineutring ave not ‘dentical pavticles (3] [} the theory of fwo
component heutrine (0IVas no } valid .. aud if the comservalion Gow

pov nautw'no chavge loek he plare , nusfring —> anfimulving osesClalrow
‘n veeusm weould €e /n pv'neiple posnble,,,



e,

1953 B.Pontecorvo s A’Paﬁu 3.8 on neufrino
oscwélation .

Il

“Invevse f-processes amel non -conservadion of &pton charge.

TJINR Preprint P-95 Duéna, 175%

" Not Cong ago the question was rassed [1] as te whether there exist
neutral particCe mirtuces | other than K'°mesons £2], . for whieh the
tramibion partiele — antipariticle /s not strictly fovéidden ..,

1t wes noted that new?rino may 8¢ suehparticle minture and
conaguently that there i's o pessi€ilily of veal tramsitions
neutring —> anbineufring 'n vacuum, provided that the bplon (rulrin)
chavge [3] 7s met conserved...

Recently thove came o @ur athuntion o peper 6y Bavis [4], who
‘nvestigated 4he preduction of %A v from e . Pelow 473 @ssumed
that @) the nautrng (V) onel anbtinewfring (V) emitteel in the Processes
P-bn-oﬁ‘-a\) . n-—a-p-a}"-a;'
ave net identical parhieCes; 6) the neutrino charge /s not-

stactly comerved .
P> neptey . nep+p Y
ave porsible  although . they ave less protaé Ce...

It jotlows from a) and 6) that neutrines in vaeuwm can fransjorm
Lhemselves info anltrneutn' no and Viee versa. This means that
newtn'ne anel aut neufrinoe ave paviticle mixtuves , i.0, Symmelrjca
and out’spmmetnal combinafion of two fruly netrat Majorona
pertictes V), ond V, having difpevent comb ned pavidty [5].,,

v S0, for xample, o Ctam of newlral Cplons jprom o veaclor
whieh at pivst comist maialy of ankneutrines wilC change 'n
compostion aned ot & cevéain distance R from the veaclor witl
e composed of neuln'ne and onh'nentrine /n eguel quantiRes ...



&,

. The uppev Wwmi ¢ of R which ean give observable efpects w the expevinent
o} CoWen and Rines [6] 's o} ovder of o meter, Which covresponds o a
time jor the trampormation nemtrino = auti meuteino T 10" see. 14 one
takes into aecount thet Hhe neutrino emevgy ... s alWays @rger Gy Seveval
ovders of maguifude than myet.. and that . (n Cabovatory system theve
6 o comidevalle velabiviste inecearse of the transformetion time thew
the question aeises ulto whether +he cond:ton T 210 %ee s plausible
.. Ghe tiwe T s [9] atout (07'% neutvine swevgy ¢oe which is
cowsidevably grater than 10~%ee... o

(s)... T comelusion F is n‘n*"ﬂﬂhg to undecline thn.f. -‘nﬂcpoudhw
of the planibitily o} the conercte efjects which weve discursed above,
now - constrvation of neutrine chavge under the condition that
neutvri ne and awtineutrine ace du‘sﬁnsui:l-q“; enbities (or Which
's the same | 1he exisdemee of two Majorana nreutrinos with
differant combined pacticles) inevitably Gads to effests of
Gell- Mann - Pais = Piceion: type L27, Uncer the above
assumphions  e}fecks of transforiation o neutrino Into aubineutring
ondl Vice vergsa may Ge unobservable w the Cabovatory 6ecause
of Caxqe values of R, Cut witl coeclainty ocowr, at Uast,
on an artvonomical scale.. (?I

195% . B . Poutecorvo .

It is .‘ufeﬂsh‘ng to compave Pouterorve’s eshmation
with moedern dela :

-10 E 0 . b
L~ 10 “'—""'ctuc N ‘-’———-u:.ot,‘:: € ~ lO'c.. ~ losltn.o
‘ec e
yor E ~llev ©°

Wodern  Svperiment L~ 0%k,
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1362 Neutring mixing in Sakata wmodels
A, Possibte uncfied models of elimentary particfes with two meutvinos

T.Kalayamo , K.Matumoto | S, Tanake , E. Yamada
Prog. Theor. Phys. v.28 1962, p.635

2. Remarks on the unijied model of clemeniacy pacticfes. i
2. maki N‘.Naltagamo. and S.Sakata
Prog. Theor. Phys. v.23, 1G62, p. 830

Sakate - Nagoya model : P, n, A Su(3) hagdvron
(Sakata 1956) e
Gambe. - mavshek - Okubo V. e M Cpton- hadvon
Symmetvy
(1959) L 8 itior

P (B |, ne(Bley . A (B
Cabite miving: J (0 = (np) + ¢ (Mp) = cas, (np) +3ind(Ap)
c.; B C: N C: n's cosG, n + 3nO A
Biscovery of two newtrinos - v, v, (1962)
Modificadion: Vv, = Vg cosd + Vy9ind | v, = =Y, $ind + vyeoss

p=<P'v,)> nz(p'e) N:<BtpT> | <) -Nol

Ne: V088 -V, 5ind

Vut N 3ind 4 V088

.:"owunr, weak nuutrinos ate not stable due to the cceuvance

of vivitual transformation y, ee v, .
In {. two majorana neubnno case Was alio mentioned 'Z
Thus: Hodvow - Leplon Sym. Cabéito angle hypothess

Twe ¥ n,am‘mt({lr—-—p ™S Nentving 'n(-ivn'ng hypothes,s f |



Seconel theoret.cal period (1953-6%) : -7
discovery of pPar'ty honconservation and
Standaxd Model coustruction

- Theve are divergauf‘ pro‘&m n QED

- Coneepts of discrete epevations (P, T, C)
and Cepton charge in opposite to Q are dcveeo/ud

- In IC-decays 8-t problem appeaved that
Gad to noneconsery. pari'ty "#/aothcs;'s

- prlfo'moufqe disecov. Of P- Vl'O‘&“.‘ah;
= th hueleav P - processes

- 'n parfNele decays : p, 7, K .

- k-jfoﬂnos« of weak (nfer. in nueles (NAN)
aloms (Ae) appeared

Theory velerns lo WeyC and Ferm:.
- 2 compontut newfring
- CP-conservation
-~ V-A univ. inferaction
- Cve , PCAC hypothesa

CP-vioclation experim. dirsco very

‘S
SM formulatled : EW/ inieraction , caléy. theovy = gauge
Higgs' mech , Su(3) Quark Sscheem,K gCuons , Yesormav's/

However K FPontecorvo neutrino osel. /ny/:oﬂws;‘:
‘n analogy with K°-ose. appearee/
(then 2 - flavour osc. vrsion)



Peginning of erxperimental newtrino physics, :"-
Statement of S tandavd Meode( (601--?05)

YV in nucle, (V)

v potarization Gotd h,alcr ’s8
\)e # ge ?ﬁ\’ v S s-g )
Peop. on nuubr. curr. (B, Li) Gaponov, Gevshtein 65
Geochemical epp. on 2p Y
my §rom T -decay (< 35ev) Tretyakov et al. 2¢
Ve€ in Yveactor Vv §Clux Reines etal.vg
VeD ‘n veackoy vV £ lax Reines ebal . 39

V from aeelevator )

Yu # Ve aancé et a,pfé'z
magnetic furnace for v Sluyes Vandar Meev 62
VY in 6ulble cham@er Peoch ‘43
WiV,

RPevrnavdin: sy
RPyorken, Paklnes, rzcgh man ‘€9

Hagery ebal, '13
Masert etal. ' 33

Parton model
Yl
YN (heuty. curr.)

Iy (Squarle) Ting, Rihter efal. '3y
¥ (6-quavrk) Hevé et al.’37
T - meson PerC ef al. '35
W, 2 - 6osons disecovery CERN '/ a4
v inastrophysies
Hot um’}'er:?" - Gamow “4¢
Solac newbring Fouler ' 53
Undecground experim. mavkoV, Grei sSon ‘éo
Y seo. im Univecse Poxnte corvo, Smovodinsky %)
Fivst underge. deteclor (~8100m v.¢.) Rernes '63

V PYrocesses ‘n Staes
m h cllapsye
Re&'et ¥ radiation

Fauler, Moy € ¢
2eladovich ‘Gs"
Penzics, Wilson ‘65

Hyp- velict » Bick , 2elclov'eh , Nov/koy
Theory Sel.V eyperim Pahcaee ‘72
V Baksan telsscope Chudakov ‘77

Selar ¥ Tegistration (10 yeary) Bavi's ‘73
Sumuy up o 80’s : v 4 xes anel vdebechors



Neutvrine o - 60 -
Ve 1+ Ve i \’P ) g}. - two \‘:gpc.s of V.
Opppipy =0 Wey€ equation

p*-dm.q , IC-copbuve |, 2p -decay (eshimations)

5, K -ducags . BT e q e

Universal weak a"‘lhfdﬁh.oh".

K e
A/ Ju = (PELU-AEn)
(€8, (1+3)9)
c" ' G’s : c“ = c'p C—; - CMPI.TI'CQQ ru(c.
c'r,“so,‘ 3 (.;|..$an¢,
Expecim. data. : V-2A |, 2A»425

Gl . 6B, o , (eV) Je)

vy, J[exv] | Pl mcovt  Teuv,

V- §luxes : g. v Y

Newbral cuer: v+e = v'se’! | ved =v'en! ?
NN -weak ‘nt. . Ne - weak mtee.

ProClams: Newtval euvv'en"s?
'M.s'orau. v ?



weak Intevaction Hamiltonian

23.

( Modern data ) Yu.GaponoV , Ta.F. (2000)

General Theovy:

Hy = (GFP”’-' ) Z (t'y"P O, ¥, ) (-q'{,_ 0‘(Ci+ c:!sl %,)

It ‘meluces 15 para.me’Cers (8 veal ones) cdue to

D.= 4(S) ¥ V) o'm,::/m,w,x,-x\,:’)(r) | ;rpxs (A)

contri butiong

Theor. Hypotheses:

1. CP - conservation — §
2. V, A - curvrents ( \A/,_ - Boson) = 4

3. L-nreutrine — 2

Standavd Moclel :

Mo = (Syp W@ 0, (-0 ) (F ¥ ey,

Gug = 1-4483 18 - 107%? J 3

A=~ 4.26%3 (410)

\

e
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Newtron € Pe\ri ments

n.-decag puéaﬂ dW(E, 2 2,,R,) =
co/ (am” F(2,Eq) (Ee- )%.,p,de d2.dQ,
(4 + (6me/Ee)1/{ -az? "'O'(Per)/E g, + A‘JPe’/t - 'b‘JPv)é
+ D(J [P P"])/EeEy +E(] ["e*Pv])/E,

u
R - pa(am :

=0 Fievz terms absence

Reali zed E‘.\tper{ments :
(§TIn n Ufe-time

o ey -correlalion
A el - corcelation
o) v J - eorreCation
® triple evJ - correlalion

Non Yealized Ex Pevi mehts :

\ ge. e- polar. measuv. (ov -Fs; - B-Poeav.)
B'P p- polac. measur.

E(R) triple covreel.
0*- 0" nucl. transitions:

(§8), . U+8)04-8) = (FE),_ = Kén2 /g G'vo

(s

« .4435044) (107 33

C’v 0-0



n deca.ué ‘n Standard Model

J-h'cn =

&)

®

®

@

A

i

"ﬁ'/cc:} (1+32%)

fn: 1. HUB5(14)
29 (2)

wJ(A+ Zz)/ 1+ >2%)

B = -&(d-2A0/(1+3522)

o= (A=A /(1+322)

From O-0 3 T, data

From

O¢el

From o

T, = 885.3(10) s

A=-1.26%5(0)

ﬁ = ~0. {464 (31 )

A dato
orp . diser.

A=-{266Y (19)

= +0.9820(40)

New : (n-;b;{n+&) = -1.2626(49) = A
R=+093836(4) in SM

= -0.101% (54)

data

Mean value

A=-14.259 (168)

A=-1.20%3(9)

9.



Thicedl experimental pervied (60% - 70%) bo
v physics development and SM statemeut.

3 masn diveetions in V Physics:

Low energy neufvino ( p-cdecay axd reacfor v)
= Y properties - m, A,
- approvement Of VYo # '\J:

- tnvesbigalion of v, B | v, e Processes
Extreemal Cow cvess seclioms /

He'g% enevyg y neutii’no (aceelevators )

= New methods of YV registration (Suéte ch.)

- GPprovement of V, ¥ Yo, V¥ ’V; v Yy $¥om T-deca,
o fam. °f v

- thvestigabions of Vuo | Vue proecrsses
© hew Quarks cliscoveries - ¢, @, ¢

SM expovim, nppvowmu'f‘
- neutval processes
- W, 2 -€sons

Newtvino asbro physics
VY - SeCav, Stae . CanpS!

Selar V) experimew s .
Undevground Lads

, YV -Sea

Jiest plans ouel Sxpeeim.
V- h(oseofﬂs

Thus  our knowldges on v Properties wiclen “p
te v“SQQﬂL’hf{hg , Y was investigated

SM frames gud s nmow a now InStra mcu'f‘.
V §luxes , V deteclors appeaved.

Speeial vole Y 'n Universe was discovered.
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Standard Madel (GSW - theovy)

{. leptons: Massless —> Massive

Vv P
i RN b W - . oo
(€)a (We (),

2. Quarks: Masslesy — Massive

U 4 R M

i
(v, @)y ON . i
(dlp @)e (6)a
- Qu.uk mxu
xof.ogc.sl- deosB, + & s:nB, +.
( : | Masakswe dSms +8 cos O, +..
Matvx
nmh‘mo htllhg -
. Go.u.t,‘e. ye(ds.
}m 1\’, Zo ,“/i. - G“P (& colour (uirs)
Weak + EM vt — Y‘Et’ . Intec. constants
V% -wnt. = 0O 3‘3’.‘ s;“ev

g. H{gqs Goson + spont. Groken vacuum
Comyte. Mass mechanism 7
6. Fundamertatl Sémmet\'g:

su(d) x Su(2) x» uw)
2 weal



In search jor an @xit Geyond Standard mode¢ ™
Theory (80's yeavs)

Modern cohca,ption of the Standavd Model

Theories of Grand Unification

Unification o inlevactious: EM, Weak, Strong, Gravily ...
h{t-ﬂ.’ghi‘ Handed scheems

Lipto - Quark scheems

Supersymmetyrical theories

Superstrings

Nons tandavd nml‘h'no Pfapcrrics

Majorana. mede(s

Ve #> vV, <= v_ oscillations

Neutrinoe osci@ation in matter (MSW-mech.)
Newfrinoe anomal magnetic moment

Newtrino precession (VVO - mech.)

Rewbr no j-(a\lor precession (LMA -mech.)

Astrophysies and cosmotoqy

Selar nuctrino

Nay brino jrom ed.lapSed stars

Or.'a.'u oj- ehmcufs in star Guvrsts
Rark matter in the Universe

M3W - Mikheev, Smivnoy, Welfenstain
VVO - Veloshin, Vysotsky Okun

LMA - Lim, Marsiano, Akhmedov



61P¢rim¢nt' in seavch j-OY ex't
tegond the Standavd Mmodel

80 -90’s yeacs)
Supcrnoca. SN -198% 4

Reactor v

vp » Ve , VO -experiments

v magneh‘c. moment
Ve - 0scillations
V- d.ia.gnosl'ics

Selar V»

ce-Ac, Kamiokande

vo-degicit ¢

SAGE - GALLEX

Super - Kamiorande

SNO 2 Ve *V, 2001

Porexino etec.

Aeccelation VY
High Ey
LSND 0
Measurement om great d-shm

v *Tom Eacih

Atmospheric v
Vp &V, oses lations (98- 69)

3-dcca9
R.ighi:- handeg curcents
hpto-quark 8osons

CP-VI.O CA.“OI'\
v Mmass from T
2p decay

29 (OV) -decay  from Gramm to tons
Search jor dark matter

5.



Setar neutrine physies

S tandavd solavy wmodel

Radius 696 0090 km
Surface T° 5%¥33° |0
Central T° 156+40°
Contents ofH 34. 4 %
Contents of He 69 %
Rest elements 41.96 A
Central density 48 8/..3

Neutrine fluxes on the Gavrth

Soutce Reachion E(MeV) ¢(sm"s")
PP PP — ﬁe"*&e 023 = 0.42 5.9‘(40"’
PepP pep—> By, 1.4945 1.4q.10%
IPpe *Be = Live 0.335 4.8.10°
" - 0.865 6
e P —="Pe e* Ve 6.3>— 45 5.15.10

V-osci . mechanism hypothesa

Resonance MSW

Precession of U, VYo
Spin- {lavor precession L™ A



85%

99.6%

SSM - pp cycle I

(pp) [p+p—*H+ e +re

pte +p-H+v,

(pep)

0.4%

‘H+p—°He+1

‘He +°He - ‘He 4+ 2p

("Be)

1

2 x 107°%

SHe+p — ‘He+ et + v,

15%

He + *He = "Be + 4

99.87%

Be+e” = Li+ v,

Y

Li+p—2%He

0.13%

Be+p—s8B+y

/

8Be* — 24He

(hep)

B - ®Be" + ¢t + v, | (°B)




( SSM - neutrinos i \

Source Reaction EAV-(Mev) EMoT (Mev)
pp pkp—+ddeT gy 0.2668 0.423
pep Ppt+e +p—d+ ve 1.445 1.445
0.3855 0.3855
7Be e + 7'Ble — 7Li + ve
0.8631 0.8631
8B 8B 5 %Be* 4 e 4 we 6.735 ~ 15
hep SHe+p — 4He + et + ve 9.628 18.778
13N BN 5 183c et 4+ 0, 0.7063 1.1982
150 150 5 15N 4 et + ve 0.9964 1.7317
17g 17p 5170 4 et + v, 0.9977 1.7364
Chlorine | Supars. DYO
1Gallium I :
I .
10®
1on
101 §
>
- 10°
]
=
108
(@)
g 10
o
= 10¢
()
'z, 106
104
108
10¢®
10%.1 0.3 1 3 10

Neutrino Energy (MeV) ]
A .




Setar  newutrine detectocs o4 4iest -

genevation.

4
1SNU = 7/ 36 event/,

1. ChtovimeArgon method ( B. Poutecoevo , 1946)
Ve + 31ce — gt
IK-mpt. o=+ 3¢ — 370
3Scays
Homestake , R.Devis etal. 4400 m.w.e,

éiot ¢,C¢, *ce (24

2.6allium Gevymanium  method (V. Kuzmin, (468)
Ve + Yca —> F'Ge've-
ﬂ IC-capt. o=, %o, o Va0

1.4 days
SAGE, G.Zatsepin , V.Gavrin etal. 4300 mw.c.
69t natur.Ga Ga(39.9%) S1Ce (S13gv)
Egsact. 0.95(12) 0.5 Mé

GAGLEX Ttaly-Germ.GYU. Gran-Sasse 3%vo e
30t GaCey (120) Ejggect. 0.92(8) Slcy (1.3UC;)

GNO Grawn - Sasso

3. Kawmiokande | Super Kona o kande
e+e” —a v/ e’ [ 6.5 MeV)

SiK 50000t H,0 (32000t) {il00o Phm



am(eN)  Solac V-osc.

107 3

IO.’ 95.70
-== SACE-GAL.

— Kam, -S.Kam(S04d)

|0., —- = Howest.,

Large

Py

~510

N

107" 100,105 jo%
02 oY o6 o3 4
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H.- lang. IO.“';-




Atmosp hevie VY 59,

exe.
P, He — TV, —> MV, (F.t.‘kd/u-(.‘h)#‘
¢ & 5 (p-Gke)/ o e ke)
i . _ theor.
(ﬁej Ml
m.-e.)‘ éldw“ e
6|
el _ 12000,
3 ) "P
2 . 3 : UP/-DO\H\- ¥4
Sea
' : (CeV)
0 F———'t 10 100 o
(':/l._!etp.
" (M) .
.8
1.6
1.4 T
| R ST
HY T
0.4 . 4 {
0.2
o

| Kam Kam IMPp 1MP Fﬂj. Neusey
060 O0S5F 054 {40 1.00 .49 Soudanll
1 0.06 1008 1005 20,35 t0.f to.30 9.6!

4
+ 005 0.0 20.12 t 03 %008 - ;:.ég
dud malt sub mulé - 0.



Super - IKam o kande

Y90,

(5§35 days)
Meonte -Cavrile
N N
Date Theory ( /‘).D/ ( /‘)Th.
| Ring st :L,S
Sub | e-Che | 1234 1049 ¢ th.
GEV | . ke 1458 1S3y 0.6%%0.026%0.05
mul.Ring | 911 92l
Mhe"" |R;a9
CEV | e-tike 290 23%
p-Uke 230 248 0.65%0.05 20.08
Mul.Ring| 593 560
uP/D.‘m 0.9320.13% 0.54 20.06
" e-Cke M-Ghe
(0::') 4f Pcmmb. no YraQar.

sn'20 > 0.4

. o & @

o m‘-v '0'3.‘-.-

~ 10" ev?®



4&)}( ey imeh /) F 0 <y f +c - Byl Y L. . | 8
pevimenfal vesults of Ga-Ge det.(sol.V)
y-aeeel. experiments and veactor V ""P"‘i'm“:}g

Atmosfjher{c_ Y« Qnomaeﬂ .

- Yo .
PW -t (¢) = ;s.n‘tze) sm‘(—’ré- Im}-m; | )
dm(eV)
.o‘# @5 o 16 b’ sint20
| { ‘
yewot. VY 0 | 0
_ BN-EW

— KA NOYR ke

--= LSND®

—a— SNOO2

g Cifmosp"l. Y
o=

- o S =

am. s‘.P nm

—— SACE
—— KAM
== [HOM.

|6.."= .o"" —— Cowmé. QOZ cl,
5"k 0" /e
10" 01

attowed @ oV eT T g Sin"2e

0SC. fl-glohs

Orwdaesb.e LSND 5+ 0.5 ﬁz

obsacru SKamion. 10*-10" ot

Y -oeguas. o g.'o-f 0_;2? *.'0-6 |2:2

Surin o5
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New ijects( it genev. )
+ Supeclamickande:  50000T H,0 i1 000
(32 000 T)
Qms: Solac v , SN explosions
+ Kawland: | 1000 T &ig.se. 1300
Quims: veaet.V ~200km , Solary
abm.y , SN expl. | Ve from Earth
2p -decay (Xe)
+ SNO(Sudbury) {foo0r 9,0 3500
Oums - ve , vD | solav vy |
atm. v | SA epl. | nw
Porexino (Italy) 300T Uq.sc. 2000
pl.e.t ST . o 100
Qims: Sol.y "Be > atm.» ’ '\\i¢ fron Sarth
2p-dee. 6o, Te, Se

Long dist. ¥ experim.
Artig. > sonvees e Pm

v m..ah. moment

q92.
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SNO (Caneda), K 2001
TrepBbie  Pesyabmand, (Fivst vesults op collal.)

\)._‘_d_. P;P*e-(c,c,) \hq-d-b p+n+v‘ {h.t‘.)
Ve +€ —» Vv +e” (ES)
Ch.channel
ce on c
< 200 ¢ (9‘) k- 4.1’5 to.O}‘!O.“ to‘Ob
."—\_‘*\- st. sys th
: -+ 'ﬂ.h‘“ {00 "O‘CL‘CO&-'
Wieve ntﬁuew) £5 A
assslgeseVsssa®gaaslanss o.)
S T R M P oo 2.39¢0041 00

Cnaeuwp ¢ K 26,15 U35
' lO‘r«"cu"

ES +0.08 5 » -1
CP (V,)e 2.3220.03 ™ x» 10 caitcen
Rt rhaor. SM sk - 0.03
Ve - Neulv.channel

-L ""

CP("’}M‘ - 568 24.1% - IOch cer
Pe) =1.35 044 10°

> 1o (MeV)

7 .
AT P P ) = 5.4420993. 10 cii'cer’
Otnowtemue Haba. Dalubix
. Cowu. uodean SKu SNO co7nacyelca ¢ SM
coocdinabes with %:‘l
e @ (‘le)
A T
ES
| . on ¢S¢("‘)
4"
*10° mn S M (V)
are™ a2 woos @(9‘)
) . LN jizer Y .
©o 1 2 3 M S5 ¢ m"::::,o" ({o0)
P, 10 ca% "
e Qlloved
vd - Newteal channel v@q-on
. nc . b - -
Hewmp. wanas : ? (v = 5.09 20.M :3':“ v 10 cu %cer™’

“d 4.90 to0.24 +0.29 » lO'ca‘cu-"



Kam LANR Rata (2003) Y.
Vet P = ae”

Has 14| 62t
1k »

N

wl.o.-.;l-*l.-?j.g-...-.q*...,.. P ——
0.3} . S

sAL e

on}

oal

0.0;

19" 10" 10* 10" 10f R
ILL  Sodanmch River , Pugey, Revno
Goesgem , Kvaswoyovsk , Pasto Vedde,
cheo: , Kam LAND

JMG : 0.64420.085 20044
'vaped‘. stat syst

Ev/o- Sl oubot SM (99.9¢5%)

° et SN
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ol i
g 2 y ::hn‘: by
wn28 : 40 awm' ~ G.Q-IO.’CV" (R)
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 §Y
Summarg oj. A/eufr-'no- 2004

Os¢i llation param eters.

am,, = 2.5.107%V?(20.5) K + KK
oml, = 8407 &V*(122)  Kam.I + SNO(satt)

6,5 (atm) large $n"20,, = 1.00 K2 I
O, (50€) (large t’g'e,‘ : o.vof:::-: icam | + SAMO(salf

@)y (CH002) Small $n*8, < 0.06/
-3
08190 € m, < oO.¥ eV)

Diveet- mass measuremeu s

Myy < 170 key

ey < 18.2 UeV

Cosmelogy my < 0257 0.F eV

0.8¢ 0.5¥ O./
V - (-a.w 0.56 o.wl

0.32 +-0.63 o.¥

—— B ; sol.
atm
2 e s atm
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20 - 2V - Po.cna.a. - decay

Edun.

Oy A(zN) - A(2+2,N-2) +

+2e"+2y (2v)
-+ 2¢" + f" (0\)‘#)
+ 2e” (Ovy)

o*

Ar2e2 N-2)

1 ONI0m |EE (dende,du F F, Pafaﬂ'«"ﬂ(".‘l
96 Cn?2

Bk 1) = LA KL 00 K=[pie;-g,- u)/,_]
(=03 (02) 4 [y, - (2ew, -8, “’z‘/z
H'*"* L (""l"""oz\ .

2
SSD - appYoY) ‘tamion g
jTPus.wtkﬂlnt 4 coer. RIN-{,2+4) '-ouuGu“.'

Ty = 3109w e, G /1 (@, 7))
12 {* ocn. coqosnua (1*geound stete)
AIN=1,2+t) | .

v‘. yv
A'*" F d-l M\ 5

A2 :m AlN-2,2+2)

?

jIJ :E‘
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2¢ -0y - pacnad - decaﬂ

oV, =) v oV 40V,

& Mt

f| PoE

Um"l":}: ~ (4.8 |0 m.")

0 - odor0meue M - macca- 102
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