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Depurtmnmt o| trIothram<ctics, Unloeit4yg, :oi,farontû

nation of f,n'o such neutrinos,

1. - Introducf,ion.
'

Recetrt experiurent,â,l e'r'ii1enr.:e (t) in support of tn'o kinds nf nentrino seems: 4 4 - - -

to have revived intere,.-'rt' {3) in t}re rteutrino theory of tight propolsed long ago
by nn Bnficr"rn 13) arrd JonneN (a). JSoth these authors tried to explairr the
p-hoton as & combination of tN'o neutrinos of e$sentially the sarne kirrrl. Pnrcn (6)
anrl TouscffiK rt eL (r, have sharqn that in Jorclân'B theory the photon must
be longitrr.dinally palarized.

The object of ttrix p&pel' is t,u shorv horv an,antisymmetrit' tensor tif r*nk 2
can be split up in a, covariant, manner to give rise to two <r differ:ent rr 2-com-
punerrt; lVe)'l ts eqnationis. l'he photon ca,n then be thought of iùs a courtri-
na,tion cf two surrh neutrilro,q.

{'} Tot* a.rlded.in proot. .- An analysis simular to the presont nork has also treen
proPosed try S. K. Bosu and N. Br.*rw.\s at the 'I'ata Insûif,nte for. l'unclamental
Research. I am ind"ebte,û to Dr. Ilclsp for senrling me a prepr:inû of ]ris u'ork.

(1) (;. I)eNmx, J. lf . Gatlt.r.nu, I{. Gour.rÀNos, f,. }L Lænrr*tr{Àl(, N. tr{rsrnr
ïf.. Scnru,nz a,nd. .I. Srnrxnnn,epri Phys, f.e'v. Le.tt., g, g6 {1961). :

(2) S. À. BrunMAr\ : r'uoto (\irtrcttto, 27, ?51 (1963).
{o}  L.ps RB,oGrm: Gompt.  Rend. ,  7g5,536 i tg32} ;  lg7, lB?? (1932) .
(4) F. i fonn,Lx: ?,eits. Ph1ts.,93, 464 (1935).
(t) M. H. L. Plryæz Proe . Roy. ,-9oc,, L765, ZLi ( lS3S)"
(Û) I. lI. B:rnnoun, A, Brnmr a,nd R. F. Touscrrnx: :Jrzot'o C,intenla,28,452 (1963).
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2, - Two neutrinos.
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Consr{91 ,how€ver: the following

lfultiplyiug by ?: u€ get

(11)  ?, f r* i } rcp,-  â, :Ç' , =.' {)

! i '
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/ : i l

qlràutit.y (')

îrpr- ,i?y1.', ;- êrr;,, i iî;nri r ." () .
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l , l re trral iH^enlerrtr of t , i rcr lensur" int l ices i t  is pr-rssible tc
(1{i} to (6) b.-ç r}l}e single interchilnge of the inditles,
1\-(, r,ûl1"cifle,r. uo\\r the follovrirtg quantity

'U\ .::::

q:ff)
cnn be combirrecl intr-r

{  1 . i l

olle\ singlo equa,tion

( o , , 3 r * i à n l ç * 0 ,

'$ùi(rh' it notlring but, \1:e)'l:s 2-cornponent ne.utrino equntion.
Tl'e thus $ee th*t, the 2-c.omponent neutrino can also be comple*cly de-

srt'ibed by iI sclf'clual arrtisymmetric l;e.nsor behaving rery much tike the
eleotrom.agnetir, fiel<l tensor.

$Aat about the nnti-self-dual case? It is pgxsible to follox' 1, similtlr
ltroe-edure in tlto calle of an anti-selJ-dual antisymmetric tensor for 1i'hich

(15 )
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fin - îi' ,

fro:' lir '

fr^: - lil ,

If olre consirlcrs just

Jllsri ()r,*cr from thc stt
t j . ,4, ;  ot ter  i lnd thrct : .  $tr

(1t ' )

( 1 7 )

{:l)
artd se.t this t'imc /ir- ?t pi- ô*y\ .

lLorltlYer (1{i) corrrbinerl with tl7) rlo rtot; g"ive aga,irr er2,ctly t}re saxre 1'rr1
of eqr{. (11) and (12) l leca,use. t l re r,o-ordinate int l i r ,es l lo\r\" gcrt interchangerl.
llllrrrs l|o: /i, gives

(  1 8 ) ?rXr - i7o7_r-: ?r/2.1. ie'ay, =-,, t\
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fnr ,the c*se l i : I . '  W'ê ha,ve from (25)

l '*: ?j"U{l- 7.r) - i,àltç,* xr) ,

êt(X,r= Va)

l . , :  î r (çr* I r l  -  iàr(çr* 7.r)  ,
. : , t r i r : A- . L'z!12 + cr/u t Giu =_ (â; * AT * âï)tg,, _ Iù*rtârâr(ç, +

_ \ î .
:-- caôt(7t

( r :  - -ùrlr(''t) u.--f't: f,rt-' 0r the. rigrrt ha'd sid* becomes

7"') *
;  ' : i -  ' i  :  

-  
' ' . '

* Ç û, :_:i,â;,û;çqd + I r;)

irr vierr of (i l) and (Ig).
llte sfidrre 0&n lrc shornr fol, 1r : J, 3. {.

4. * Conslusion.

î; lffiïï :ll:]-::j:|,ï"i.ll":*:i" ca1 be eonsirrerecl as * ccrnbinarion;'.;;' ;: ïill:iij', ii r..,,îïïJï:neUt.f inO.S tl0SCrilrrlrl 1r., / | .r \ r.r r'it ,rr t \neutrino.s tlcsruibed by (l.l ) *rul {1.I ) t:a,,r n*'*r,,'l,-Ïi:i ;i l'1j,,,ï,1,*'ï1, :i;i:Ï-i#;:l,i'ïlîjïî:::',lf':::r'','Ie'spe{'i,"iii: 
'"i:'::"'jli, 

i,liii;Ï::-.;iii ,î::hil'r,r: .irleni,ir:ullv rl,ll
r . .  __- .AÂvL. . r  r1  { , r . r r i \ ( . f  t  .  j .gS l }e (1 f  [V t r l ] : .

ten t, j te,v i l l .1, fg.1i1r I .r t t t  i l . rp. ir  i r .rr;;;;;;;;;,;;,ï,,:i'
111i1)r  l le di f ieret t t .  Tl ,e 1;robre' t ' f  r to\r .  *rpr- , i r iJr , . , , .  . i , - .  r - , - - . : . - .  .

rt'.i t,Jt r:t,.irr,,r, pit,t'1.,ir,ltrs

t,o ï"rc invtrstiga,tetl.
t ' ' i : r '  t l i i le. i rr  *r* i '  i rr i t , ,r ,â,()t i , 's .err i l ius

,- ilrrl, * îulrt.li;;;:;;

The a,ut,hor. nrislltr_s t,() il,{'n,,radi,,rr }rar,r:crna,ric,âr ,;;:];,:S:d i-rr,r.-ïii":::,iilîl:*ïnîrï,,, rrom ,re

,.1. Jl I, D I* J) I r\

\1:e c'tltrsider hc'c the t,r'an-rforo,a,tio' 1,r.op*rt,ies .f ç, *nd r,. They mu*t'r cciruse rrnnsr::::llirre spinors i{ ;,r;."(r{j ;;;f ;;ïl â,re to h*,r,e i+n invar.j:r*r,i,*.*# ti;ï,1î,1ï,îï,-'ù'tirulffi' ,,r,'u,,' th;t ir,.'.,' t1o s{) rro,' rhe wa,,
11"e nru$. ha'c ty, rreirr.q a vee-tori) ar,cortliu.q to fi;J)

\'/*
!t

r/ , ;  invi,r l i i r tr t  , î '  t I; i  g.r /.2 -r Ç't It 4. 7r r1.,, j trvarii lr it



matrix.

z'='= IIX

nrusf
, . ' i

have

ty'l'q x' çr Aî r7ï3 X = ço qX

l:y first clertrand.irrg

tlren qA* n- Aïq inrpiics (I: d.
of the t,ype

( . \ .1  )

i r t
.,{. ,,',,,,,, { 

'

\ r :

nncl lt "= r:. tr\'e t,lrus obt*irl a, r,ltrss o{ ntatt'ic(r,s

A - { t
\ i l

t lra,t

rr.it,lr J r and thcrrthat 17 t)onltnute,q

û'r
I

{ t } '

j J i

I
x l

ff rve 1'tr.fl ltrr irnllr.rst t,lrt, riorrrlitiorr

f let,,.1 -.: ry2 --- i l t -=-1 I

we ltitvtl

x p \
-iJ o) '

rvith d.et.Fj == 1. also.
the mat,riccs (4.1), t'oget,hel n'ith the uni:nodulnrit.v r:ondition ftlrttr ân

;l,belian subgroup of Cs (tho gloup of conrplex, 2 x2 unintoduhlr rna,trittes).
ll-'he prod"ucll, of t'wo surù rnatrices is *gain a, mutrix of the s?l,lr){l trlitss attil thtr
nnit, rnatrix belongs t,o the cla,ss.

We *lso note thnt the folm of y'in (10) is lrqui'ra,lettt to a g'â,tlge c.ondition
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The oorrespouding grruge conrlition

V i + i Y t ! - = 0 '

.y[l6rh is invarinnt unûet t]re cl]aqx of

? r g 4 " i ï u g - 0 r

' , ' t ' : '  . i  ' - ' : ' ' - '  ,  
'  

l, ôif +.i"P3f : {) .

for rp" is

y , i+ : " i lp l :0 ,
i

geuge ùransformâtion$

ô ' g  * i ? r g  -  0 .

The gaûge cond.itions ilro of course n of invariant und.er the co-or.rlinate
t.rausformations (1), but âre inyariant uud.er'those Lorentz transforurations a
for wbic]n aB':Ba and. æ{l*ç* respebtively. These turn out to be lotfttions
in the (t* ;,r) and {ny rco) planes for the se$-d"ual phne a,nrl rotations in the (.{.r, #r)
and. (s,,-ro) planes for the anti-se.lf-dual c&se.
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Si no.str'â nirnle un l,ensurt, alit isimme.trir:r-r t l i  onliue dne
ctit ' i lr i i l .ntc tlantlo oligine pel' lrrl netti: ' inu rr ttrte etlunzioni rl i
I1 f61,çv1Lr pIrô tluintl i essert, '  <:urt.t it lelal,ei uri* contl l irrazirrne

puù essele tJivisc irr rtudri
\TC; ' l  i i  t luc  r ' { )n l l )0n t . t r f i .

i l i  r l r r t :  r ' l i  { t  l l ( )sT i  r retr l  r in i  ,

{*) ' l 'radu,iinne a .'11)'û tï(l ld lkrlu:ionr,


