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I. THE W:t..NATURE OF ORD INARY NEUTRINOS 

I ntermed ia te hosans W± a nd ZO have been observe d for th e 
first time in 1983 11 •21 • Af t er such grea t di scoveri e s, we may 
state with as surance th a t Wand Z ho sans a re the only known 
sources of neutrinos at pre sent· , More exa ctl y we may sta t e 
that e ither real or vir t ua l W, Z bosans are r e sponsible f or a ll 
processes in whi ch neutrinos ei ther are gen erated o r int eract 
wi t h matter. 

When real WIS and Zl s are produced, and th i s happens on ly i n 
extraordinary h igh enerey colli s ions such as in collider experi
nent s / 1,2/, the decays of (real) lJ' s and Z I S are more o r less 
on t he same f oo t, i n the sense whi ch wi ll be obvious below. In 
proc e sses in wh i ch neut rinos inte r ac t with mat ter (charged and 
neutral curren t processes) the inte rmediate bosons a r e virtual ; 
he r e aga i n W I s and Z I S are mo r e or l e s s on the same foot. 

However , in relat ively l ow energy processes in wh ich virtua l 
Wand Z bosons a re generated and decay, Wls and Zl s cease t o be 
on the same f oot as neutr ino sources . Th is i s so because the 
processes due t o the emi ss i on and decay of a vi r tua l W ( fJ-de
c ay , 11-11 - decay , etc.) have no competing proce sses . On t he con
trary proces ses due t o emission and decay of a vir tual l (such 
as the neutr ino radioactivity/3! - the emission of a neutr i no
ant i neutr ino pair by an excited nuc leus)have overwhe l ming com
peting processes due to elec tromagnet ic i nterac t ions at charac
teris t i c energies «Mz. 

Thus all neutrinos with wh ich we wor k in Laboratories (from 
fJ-decay of f i s sion f ragment s in nuc lear reac tor s, from decays of 
me sons in accelerat or facil i t ies, from thermonuclear react ions 
i n the Sun, . . . ) originate i n processes with participation of 
W's. Neutrinos from decay o f vir t ual Z's~ f or t he reasons men
tioned above, have never been invest igated. Pract ically there 
are no "reasonab le!! Z sour ces o f neutr inos, the only 
Z sources of neutrinos we know of being qu ite exotic. We are 

• Here we a r e not -consIdering t he possible decays of Higgs 
particles wit h emi ssion of neutrinos, the baryon nonconser ving.I 
decays of nucleons with emiss i on of neutrinos , e tc . 
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no t go ing t o t a lk now in detai l ab out neutrinos f r om decays of 
r eal Z' s produced i n p_pll,21 (or e+-e- co l lider s ) and i n the 
hot Universe / 4/ at temperature ~ M z . Rather we shal l brief ly 
dis cuss t he production of neutrinos in dec ays of v i rtua l Z' s. 
Because of t he electromagnet ic compet it ion mentioned above it 
is not obvious t ha t corresponding neutr ino source s can be named. 

/ 5/ Tent a ti'.Yely we may thi nk o f large astrophysical obj ects , Le., 
s t ars i n some phases o f their evolution. In such stars the emis 
sion through decays of virtual Z's of (very long mean free path) 
neutrinos wi ll global ly compete with t he (frequent) elect ro
magnet i c processes in wh ich photons (of very shor t mean f ree 
path) are emitted. This type of stars, as a source of neutrinos 
wh ich one would like to detect, is of course ext r emely exotic 
but it may help to vi sual i ze "thought o f experiments" in which 
neutrinos originate only from virtual Z-decay . Naturally the 
sources of neutrinos from decay of virtual Zl s (neutrino radio
act ivity) may coexist with sources of neutrinos from decay of 
virtual W's (8-decay). 

A final consideration. In high temperature stars neutrinos 
rorrght arise through processes of annihil at i on of v irtual / 51 and 
real/61 positron-electron pairs. Let us r emind here that to the 
amplitude of the processes e+ + e- -+ V e + ve t here are contri
butions from Z-exchange as well as W-exchange* . In principle 
one should not confuse this last source of neutr i nos whereby 
interference of charged and neut ral currents p l ays an important 
role with the previously di scussed sources where neutrinos from 
Z and W coexist. 

2. NEUTRINOS FROM Z DECAYS IN NON-STANDARD THEORIES? 

In view of what was said above we could like to stress here 
that the l e ft-handed nature of neutrinos has been directly test
ed for neutrinos (electron,muon and tauon types) from decays of 
WiS. However, it is not exc luded a prior i that the Z decay may 
include channels wi th the emission of right-handed (sterile) 
neutrinos . Of course, the existence of such channels is not 
possible wi thin t he framework of the very succe ssful standard 
mode l , bu t from a phenomenological point of view t he quest ion 
at issue i s not entirely meaningless . 

We sha ll consider 3 extreme (yes or no) cases: 
a) there are no sterile neutrinos in nature and ZIS decay 

into li e - Ve , IIIl -v~ , VT -&IT' ••• in a gr eement wi t h t he stan
dard mode l 171 ; 

.. Of course the emfssion of lip. v , liT ~ pairs by high tempera
ture stars is due only to decays ~of virtual ZIS. 
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b) ster i le neutrinos IS/ do exist in nature, but Zls decays 
only into v -v ,II - v, V -11- • •• in agreement with the stan

eep.~rr

dard model. 
c) sterile neutrinos exist in nature and are emitted in the 

Z-decay with probabilities equal to that of other v - v channels 
(which is a quite "heretical" and not attractive po i nt of view). 

We wish to discuss here how, al least in principle and under 
f avourable circumstances, some light could be thr own on the 
problem of the possible existence of sterile neutr inos, by com
bining information from p-tr and e +- e-colliders wi th informa
tion from already perfo rmed /9 / and future solar neutrino experi
ments. 

As a matter of fact, on one side the number 0 " of neutrino 
types (lie, , liT • •• ) which are emitted in Z-decay wi ll heV Ji 
measured in f uture in collider experiment s involving r eal Zls / IO: 
On the othe r side i t is known I 1JI that solar neutri no experi
ments may give information on the lower limit of neutrinos with 
definite masses. We have in mind experiment s in which the fl ux I 
of solar neutrinos V e is measured at the Earth sur f a ce . Because 
of the possible presence of oscillations, it may turn out tha t I 
is smaller than t he flux 1° expected in the absence of oscilla
tions ! 1 = 51°. where 5.s; 1. As is well known n 2: liS t whe re n 
is the number of neut rinos with definite ma sses. Similar rel a
tions can be obtained / 121 in the case wbere information from 
neutrino oscillation reactor experiments is availab l e in ad di 
tion to the information from solar neutrino experiment s. Suppose 
that 0min turns out to be larger than n"': nmin ~ n" • Su ch a re
sult would mean that there exists some sort o f neutrinos which 
are not emitted in Z-decay. This would be , f i rst , an ind i cation 
in favour of th e existence of s terile neutrinos and, second, 
a proo f tha t Z bosons emit only "current" neutrinos, as i t is 
usua l ly assumed (point b). As was already mentioned, the ques 
t ion i s not entirely devoided of meaning . As a matter of fact 
known da t a on parity viol at ion in neut rino neutral cur rent in
t eractions do not exclude the purely phenomenologi ca l possibil i 
t y tha t Z bosons emit sterile neutrinos / I3/ , in a dd i t ion to 
cur r ent neutrinos. 

How about point c) above? The ex i stence of ste ril e neut rinos 
in t he Z decay would imply t hat sterile neutr inos und ergo neutral 
current interact i ons. Such a circumstance, therefore, would 
make it pos sib l e to detect ~olar sterile neutrinos, t he pr e sen
ce of which in solar neutr i no oscillati on experiments has been 
taken for a long time as a logica l possibility / SI (tile se neutri
nos would not be sterile anymore !) . The discovery o f the e xotic 
sit uation c) mentioned above could be made di.rectly through the 
contribution to neutral current interaction proces ses of solar 
sterile neutrinos of the type vL + d .... vL + n + p, ; L' + e .... Vi.+ e ... 
Incidentally it may be noted that an experiment is being plan
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ned 1141 in which (normal ly active ) so l ar neutrinos will be de
tected with the help of the neutrino-electron scattering process. 

Situation c) might under favourable circumstances be inferred 
also from the comparison of direct measurements of the ZO-width 
with measurements of the number of current neutrinos in the 
W-decay channels. 

3. OSCILLATIONS Dr' NEUTRINOS FROM W AND Z DECAYS 

In this section we shall at first assume the validity of the 
s tandard model and shall not consider sterile neutrinos. In the 
spirit of what was said in Sec. 1, we are considering now the 
generation of neutrinos in decays of virtual intermediate W+, 
W-, ZO bosons, that is, the generation of neutrinos in ob
jects examples of which are correspondingly the Sun, a nuclear 
reactor and, as mentioned in Sec. I, high temperature stars 
whereby the neutrino luminosity is much larger than the photon 
luminosity. 

Clearly, if there is some kind of lepton mixing, neutrinos 
from decays of virtual W's do osci l late / lS/ • As for neutrinos 
from decays of virtual Z's, on the contrary, t hey do not oscil
late , i.e., the composition of the neutrino beam at t he place of 
generation happens to be equal to its composition at any distan
ce from the source. The reason for the statement is simple. As 
is well known, in the standard mode l the probabili t ies of emis
sion of various neutr ino-antineutrino pairs are equal; thus at 
the place of generation the intensities of neutri nos of a ll ty
pes are the same, a situation under which clearly oscillations 
do not arise *. 

In our terminology we call neutrinos neutral leptons having 
a mass, let us say , much less than the electron mass. Just be
cause of the negligible masses of neutrinos, the probabilit i es 
of decay of a Z (either virtual or real ) into neut rino-ant i
neutrino pairs are equal , so t hat t here are no oscillat ions. 
Instead, the decay of a virtual W nat urally takes place with 
very different probabilities into various channels because of 
thresho l d effects (for example nuclei emit electrons in f:J -de
cay but cannot emit muons); thus neutrino from virtual w's may 
oscillate. 

* As a matter of fact let neutrinos of all types have at ge

t 

Let us discuss, second, the generation of neutrinos from 
r eal W's and liS. Not only Z' s decay i nto II - ~ • vii: - V, tt - V, 
pairs with equal probabilities. The decay pr~babilities ~of real 
Wig into e - lie , ~ - v~ , r - Vr are practically equal among 
themselves. Thus if the question is posed about oscillations in 
neutrino beams from real liS and Wls, we may conclude that gene
rally speaking, sources of real Zls and W's generate neutrino 
beams which do not oscillate. 

Let us notice that neutrinos from real WIS (but not Z's) may 
oscillate under the following circumstance. Suppose that there 
exists one (or ~ 1) charged lepton H, so heavy that the decay 
W -+ H + "B is not possible (or has a probability much less than 
the probability of other lepton channels in the W decay), Clear
ly va' which at generation i s not present (or is produced with 
small intensity) may then appear as a result of oscillations. 

We shall mention now the possibility of existence of ster i le 
neutrinos. In this case neutrinos from decays of real Wls will 
oscillate. This is so because at generation there are present 
practical ly equal quantities of active ve , IIJj , vr ' ••• , but not 
of sterile neutrinos. A similar situation will hold i n the case 
of neutrinos from decays of virtual as well as real ZI S : these 
neutrinos in the presence of sterile neutrinos will oscil l ate in 
case b) mentioned above (sterile neutrinos do exist but are not 
emitted in Z-decay) . In the very exotic case c) (sterile neutri
nos are emitted in Z-decay) there will be no oscil l ations . 

Let us stress again that al l sources of neutrinos f rom Z-de
cay we have been discussing are exotic indeed and consequent l y 
our considereations have been r ather academic in character . Ne
vertheless such sources can be thought of and t herefore t he main 
conclusion of this section - that i n absence of sterile parti
cles neutrinos from Z decay do not oscillate*, whereas neut r i nos 
from t he decay of virtual W's do osci l late - is physical in cha
r acter and , in our opinion , is instruc t ive. 

4. CONCLUSIONS 

I . Practically all facts we know about neutrinos are based 
on experiments in which the neutrinos to be investigated arise 
from decays of (virtual) W intermediate bosons. Z bosons do not

'I play any role as sources of "usual ll neutrinos. 

neration an equal intensity I. The intensity of neutrinos at 
any distance from the place of generation of a given type vf is 
the product of I by the sum of probabilities of the transition 
to vl from all neutrino states (including vi!). The sum is ob
viously equal t o one, that is the intensity of v is equal t o I.

f 

" 

* We can vtsuatize "not oscillating" neutrinos as neutrinos 
described by stationary states, i.e., as a not coherent mixture 
of neutrinos with definite masses YI' Y2' Y3' •• ' • The analogy 
with t he neutral kaon case is obvious. 
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2 . I f there exis t s t eri le neutr inos , th e "here t ical " ques tion 
about the possibi lity of their IInormal weak" i nteract i on wi th Z 
i s open f rom a phenomeno l og i ca l point of view. Sol ar neutr i no 
experiment s and exper i ment s wi th collide r s may he l p t o ge t some 
information on th i s matter. 

3. Onl y neut rinos f rom decays of v i rtua l WI S do osci llate , 
neutrino s from decays of virtual and real Z I S and f rom decays 
of real WI S do no t osc il l at e (the s t at ement ho ld i ng i f the re 
are no s t er ile neutr i nos) . 

We are gl ad to t hank C. Rubbi a f or his interes t i n the prob
lem. 
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