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Bo Pontecorvo 

Gell-Mann and Pa1s1) first pointed out the interesting cori-
,., 

sequence of the fact that K0 and K0 particles are not identioa12)o 

The possibility of K0
-- ic0 transitions induced by weak interact

ions makes it necessary to consider neutral K· mesons as a. mixtu

re of particles of different (combined)J} parity (Kf and K~}o 

We discuss here the problem as to whether there exist 

.other "mixed"~neutral particles (not necessarily 11 elementarylf 

ones) which are not identical to the corresponding antiparticles 

and' for which particle - antiparticle: transitfons are not str'ic-

tly forbidden. 

The number of possible mixed neutral systems are strongly 

limited by conservation laws for the number of barionsand 

light fermions (conservation of nuclear4) and neutrino5).charges)o
0 

>' r 
According to the first.law mixed particles cannot exist among 

barions (for instance, neutron, hydrogen atom)and due to the 

second law such particles cannot exist among sys'tems of light 
. . 

particles with only one fermion (e.g., neutr~no,· 'IT+e- and~7T-e_+ 

systems. oo) o 

From this it apparently follows that meson1uni defined as-
. + - 0 

the bound system (f Q, ·) 1s the only mixed particle of inte-

rest existing (in addition to the K0 meson) among- all".eady wel·l

known systems o Antimesoniuni, that is, the system (j--1- e+ )' obvio-
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usly differs from mesonium; in _addition mesonium-antimesonium 

transitions not only are not forbidden by· any known law but, 

-what is more, they must take place due to known interactionso 

. Indeed_, transitions 

O (tf+8-)--(V + V )--(~4-8+)_ (1) 

ar.e -induced .by• the- same interac.tion which is res·ponsible for 

the f meson· decayo. Incidentally the probability 1/G of real 

decay processes, 

<rte~)~))+ V + 106. L MBV . (2) 

which can be easily estimated taking into account the dime•sions 

of m~-~oni~, turns ~ut to ·be equ~l to 10=4 · se~'""'1 , that is about 

1010 times less than the decay probability f of the~ mesono 

For this rea~on it is practically impossible to observe the 

(non trivial) absence of .. an electron track at the point where 
. . . ·+ ,. . . . ' . . 
~ f- meson comes to rest, which would be connected with the 

..• -:_,t· ·»:. ".·. . 

process (2)o 
. . 

As for the rilesoniwir--,,- antimesonium transition, its charac-

te:ristic time 1i)f .6m is determined by the mass difference 

I:). m between the ~ymmetrical ( \.\' mesonium + 't'. antimeso

nium) and the ant1symmetrical ( ~ mesonium - 4' ~ntimesonium) 

systems. The value D. rn is proportional to the first power 
. . . . . . 5 •. 

of the matrix element respontible for.the mesonium~antimeso-

nium transformation ·and that is why Llm is proportional to the 

square of the coupling constant when such transformttion is due 



to two successive transitions:, as· iri. (l)Jo, 

Thus:, the~ time: characterizing:· the transformati:on:. CI)t :rs~ 

of the same ord;er of magnitud·e as: e,, that is·: ab·out': ro10~ t:iines, 

larger· than the, life- time of' f-' meson, CG= 2·x 10::-
6 

sec:~):;, 

which in fa.ct., d·etermin/i also the rate: of' the: mes.on1unn decay;-o, 

. If: w_e assume', however,: that the· mesonium; ....... antimesorii'.umr trans~» 

formation· 1s.c due: to the: direct interaction,/~: f:+- e-· }~},.,-; e-t- ~;,, 

the time: T' characterizing this-. transformation: turns, o.ut: to:i be" 

c onsi:derably: smaller· than~ e, • Indeed'.,: :tn·: this" cas·.e: tli'e~ massI 

differenc.e . 11 m' between. the~ symmetricaT and. ant'i'symmetr:i:ca'J:. 

systems ( i1rn'=- ~~- , where, M:, 1st' t'he: matrix:: eiemeri:tJ} fs~ 

, proportional: to the' first: power7}: of: the:: cou:gXingI c·on~tant g:o, 

Consequently, we have T ~- n --- t, 
. . ca'L'.lm' _2jj7t,-t/J 

where 'c. is the mesonium radius. rr· we suppose that- the, direct: 

interacti·on ( f-+ e:- )f /"- e+ ) has: an int'errsi,t;y7 c·omparabie: with;,. 

the intensity of all. the other known, weak: :tnterac.flons7 t'mni.~ g,~ 
is about Jo-lo-49 e,;goc~~ and: T_' is; foundi. to' be' •··· 5:ol0:'."°4'· sec:,, 

• -· that is· only· •JOO times larger: than 'C. o, Und·er· such: cftc.ums:-· 

tances · it seems at first glance· that t.he' process' o:r..,· mes:on1'.urm--+

antimesoni.um' transformation can: be: easily· ooser.vedl,~ f.or: inst'ance",7 

by detec.ting: a 11 fast" negative electr
0
on: fr.om: atfbm~won· o·omirrg; 

to rest [( + -) c· - +)• - ~ +l · . . . . . ~ e -- f' e ---efa-st+v+v+e 1. n.r. 

. Un:f ortuna t ely:,, however,,: the mes on:tum·.-ant"imeson1um'. t:r~s-
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formation in presence of matter is impossibleg on account of 

the el~ctrical asymmetry ~f nucl~ons the ·masses of mesonium 

and antimesoni~~-:are no more equal under such conditions: Besides~ 

it is necessary to note that the pr-obability of fast negative elec-
. •.-.. :·•·· 

tro~ emission from mesonium (tn vacuum) is proportional to 
··: .:>ce.~ ·,:; :··- . . ·--·. , ; - - -- . ".' ,. . . 

and' Er4- (t) 

(~t 
a~d--~-~t :~ ,.· T---:· o. ~nd_eed,_'.. -i~ Er+ ( t) 
ar-~ the probabilities tkat (in vacuum) mesonium or antimesonium 

are found at the-time t . when at t == a there is one II atom" of 
,._ ✓ . .'.-~ 

meso;11um, then : · ·•·· : 
4 

-.½ . . . t . 
E + (t),..__, 2 e (1+cos-) 

-- p . . • --. . . T. 

-· ., ·. . . • . ··• • J . -t/-c. ( t ) -· ·E ..: (t);__;·~e 1-cos---· 
f- 2 T 

where the l~~l:ti~e:~: ·of the ~ymmet»ical. and antidyminetrical systems 

. are assumed to be identical and equal to the r meson life time o 

~nder such initial conditions t-he probability of emission of a. 

-;·a~:t :;o~itive or negative electron in the decay process is fo_und 

to be 
.""r,' 

~ ... ~ 
8(ei-)~-1= t&+·<t) di :..,±(1+ Y:2 c.)~ 1 " 

. o , 't, .. c. .- T. t . 
', --~ . . . 

. ,,. -~-

< .. :•, 

p(e--}~j~ --Ejt,1- Ct) dt ..:..-i.·(t ~-- Tc. )~ i. ('t )2-. 
. -~ _ o 't _ _ 2 . T +'t 2. 2 T 

- respectivelyo 

If in nature there exisi/e.d other weakly ·interacting -~liarg-

ed particles with a. very long life time it is possible that ef

fects analogous to those discussed here might be observ~d; The 

, life·· time~· o·f· the -partfci'es \vi·tn· ·mass ·about 500: nie recently dis

covered by Alihanyan and-others (JETF', Jlp 955, 19,6)has not yet 



been determined; only _·_its lower limit'( 

knowno. 

-9 
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sec) is 

Above it was·supposed that neutrino charge is conservedo 

This mearis that scattering cannot convert a neutrino --into an 

antineutrino · 1n any approximationo The law,,of conservation of 

neutrino charge is not yet definitely establishedg it is only 

established experimentally tha~_'neutrino. and antineutrin9 -are 

not identical particles8 )~ · 

If the theory of two component neutrino9).were not valid 
, ·•' 

(which· is. hardlJ',_probable. at present) and. if the co_n~_ervation 

law for neutrino charge· took _no place, neu:trino-. - anti,neutrino 

transitions in vacuum would be in principie possible.o Even . ' . . ,, . . ~ .. 

in this case, _just as in the, case where it is supposed \hat 

to every. wonld corresponds·, an an'l;;iwor+d,. the "IlUlllber of neutri= 
-. ~- ,. ·.• .. ' . _., .. . .. . . . 

no and antineutrino in the universe would b~ t~e. s·ame o · 

The author is grateful to Yao Bo Zeldovioh, Lo~,o:_Okun 

and IoGo Ivanter for critical remarks_ and interesting discus= 

sionso 
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