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very intensive. 

The results presented in my talk are mainly 

baseu on the experiments realized with the instal­

lations operated during recent two years. These set­

ups and the main experimental groups working at 
these installations are summarized in Tables I-2. 

The installations to be put into operation in the 

near future are also mentioned. 

Besides investigations carried out in the high 

energy neutrino beams I would like also to mention 

a wide neutrino program to be performed at mo-

derate energies at the muonic factories and to re­

mind of the underground installations for cosmic 

and solar neutrino studies,some of them are alrea­

dy available. 

The characteristics of many experimental set­

ups have been given at the previous conferences. 

Here I shall present a brief description of the 

FNAL IS foot bubble chamber with an external muon 

identifier(EMI). The set-up of this chamber is gi­

ven in Fig.!. Many exciting results ,,·.ere obtained 

recently with this bubble chamber. I shall comment 

on them later on. 

I am going to show you the pictures of event 

obtained when the bubble chamber SKAT started to 

operate at IHEP,Serpukhov(Fig.2) .Attention should 

b~ ?~id to favourable background conditions in the 

chamber. In the near future we may expect quite 

interesting information from this chamber for an 

important energy range, just between that :wai1:'1ble 

at Gargamelle and FNAL IS foot bubble chamber. I 

am certain that at the next conferences there will 

be more experimental data to be obtained from the 

new experimental set-ups at CERN and FNAL, 

When looking at Tables I-2 I often recall 

the words said by W.Pauli after he had suggested 

a hypothesis on the neutrino existence which read 

::!"proximately as follows: "To-da.y I ha.ve dane ~ame-t!Ung 

:t:V<JU.b.te. A :thea!!M:t ~hau..td nevetr. do d:. I ha.ve '->uggeo:te.d 

'-> ame:th.<.ng :tha.:t c.a.nna:t be evr ~ vq•:A.6-{.ed expvU.men:ta..e.ey". cne 

can hardly forget these words while the IS foot 

bubble chamber in an intense proton beam(Io 13) and 

rich H2Ne mixture provides us with pictures where 

almost each one contains a neutrino event. More­

over a paner entitled "Prospects for Practical 
Use of Neutrino Radiation in Nuclear Power" S/ 

has been submitted to this Conference. 



For the last two years the basic trends in 

the neutrino studies have been the following: 

I. Search for new particles(charmed particles, 

heavy leptons,etcJ. 

2. Investigations of the neutral current 

structure. 

3. Investigations of the hadron structure and 

dynamics of the lepton-hadron interactions at high 

energies (inclusive and exclusive processes, elas­

tic scattering,etc.) 

can prolong this list by adding the studies 

of the solar neutrino which are of extreme impor­

tance in order to understand not only the proces­

ses going on the Sun but the problem of the neu­

trino nature. Thus,the problem arises: 

4. Neutrino oscillations,lepton-quark analo­

gie,etc. 

During the last two years great attention was 

paid to the search for new particles.Attempts were 

made to observe them directly. The interest in 

such investigations was certainly motivated, to 

a great extent, by the J/~ particle discoveries, 

and by observation of dimuon events in the neutri­

no experiments. However, the physics of new par­

ticles turned out to be tightly connected with 

the investigations of the ~C structure and lepton­

hadron interactions. Indeed,since at least some 

of the hypothetic particles ("charmons'; for ins­

tance) are to be produced from the hadronic block, 

one can predict the quantitative characteristics 

of their production onlyif the structure of had­

ronic block and dynamics of the lepton-hadron in­

teractions at high energies are known. The quark­

parton model in its simplest form 6 - 9/ may be a 

good guide for us. But giving a very simple des­

cription of the main properties of the phenomena 

in the lepton-hadron interactions at low energies 

up to 20-30 GeV ( scaling), the naive quark-par­

tan model does not explain all the deviations fro1.1 

the scaling which are quite definitely observed 

experimentallyiO( From the theoretical viewpoint 

the model of free noninteracting partons needs a 

deerer understanding. The gauge theories with 

asymptotic freedom CAH~f)II-I 2 / .He of a success in 

this direction.These theories are a further deve­

lopment of the quark-parton model, that can pre­

dict deviations from scaling behaviour of the 

structure functions. However the validity of these 

predictions for the hadronic block may be confir­

med only by ~xperiments. Therefore the solution 

of problems ·!Tlf'ntionedin 3. is necessary for the 

quantitative description of the "charm" produc­

tion. Quite certainly the effects of the charmed 
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particle production should influence the behaviour 

of the structure functions and anomalies in the 

structure functions Jll<-1). i:·Llic:ttc Uirectly to thcpro­

duction of new particles. 

The problem of the ~C structure is connected 

with the models involving new particles, and may 

serve as an important test to check these models. 

To a great extent the same is true for the problem 

of neutrino oscillations(4). Therefore search for 

new particles is tightly connected with all other 
neutrino invesigations. 

I would like to note here that "new" phenome­

na in the neutrino beams should be interpreted in 

a close relation with phenomena observed in the 

colliding beams (noncolinear ~ e pairs, the magni­

tude R• cr(e•e- •h)/o(e•e-·~·~-) etcJand with thos~ 

in the hadron-hadron collisions (direct leptons). 

In this case,however,one should be rather careful, 

because these phenomena may be caused not frCJI'1 one 

definite source,but have different origins. Perhaps 

one should not attempt to explain all the available 

new experimental data from one viewpoint. 

At least one historical event when muon was in­

terpreted as a particle predicted by Yukawa,and 

consequently many experimental results could not be 

brought into agreement, may serve as a good lesson 

for us. 

Since,as was mentioned,the quantitative cha­

racteristics for the production of new hadrons 

should strongly depend on the strong interactions, 

I shall st~rt my talk with the experimental data on 

the deep inelastic interactions. 

I. DEEP INELASTIC SCATTERING 

I.I. General Expressions for Differential 

Cross Sections. 

It is well known that on the basis of general 

principles (Lorentz -invariance and locality of in­

teractions of leptons with hadrons) the cross sec-

tion for neutrino and antineutrino scattering on 

nucleons may be presented in the following form: 

Ro" f v _, )l. " ~~ 
~~b'Q L 't :,q, ~-J +I< !i-~)J ~ _ GME 

J'- l> f -v V ):t v ,1,. <>o- -(I I) 
d.:~=- ~l"' + q, (1-lJ + K (f-~)j IT . 
where x,y are the known variables: X=ll •'l=P'I.­

vp>) - v(vJ 
The magnitudes q, , '\.-

.z P'!/ <1 P " 
1'- J)( v) 

are expressed with the help of the structure fun-
ctions _ _ 

'))(V) ( F- V(V) F V(V)) 't = t 2x .L + .x. 3 
q-V(V) 1 ( r vci)J _ F v cv>) 

1-- = ;r 2x r 1. X ?> 

L v~v)- ~-- V(V) <") F '))( v) 
" - ~ -.-<.Xi.. 

(I. 2) 



,'\, 

The structure functions F~lv) in a general case 

may depend on the relativistic invariants Q2 and 

pq (or,it is just the same for their combinations, 

e.g., (x,Q 2) or (x,Sy)) and they may be quite dif­

ferent for the neutron and proton. From general 

principles - a positive definiteness of the proba­

bility- there also follow the inequalities: 
r v(v) ? F v(v) X f v(vJ. 
r-z_ ~ ,._x 1. ~ 3 

(I. 3) 

When analysing the neutrino data, additio­

nal assumptions are usually made: 

a) Charge symmetry. It i~ assumed that the 

structure functions for the neutrino scattering on 

proton and the antineutrino scattering on neutron 

are the same:,., 
r.'-'P= F-vn, r- L &.. • 

(I. 4) 

It leads to the fact that on an isoscalar target 

N = l (p + n) 
vN ~tJ -lJII-VtJ <t = 9, ; ~ ='{, j (1.5) 

Assumption (1.4) is based on the fact that charged 

hadronic currents are mainly the components of the 

isotopic triplet and possess a definite G-parity 

(the vector current has a positive parity and the~ 

parity for the axial current is negative). Eq.(L4) 

assumes the absence of the second class currents 

and is violated by the current (pl). Its validity 

in the Cabbibo scheme with three quarks is caused 

from the smallness of Sin 2ec. Such a considerable 

violation of (I.4) may be expected at high ener­

gies considering the models with several heavy 

quarks connected asymmetrically with "u" and "d" 

quarks,if this asymmetry is large,to say of the foj 
order of Cosec. In the Glashow,Illiopoulos,Maiani 

(GIM) scheme,when SU(4) is exact, the Eq.(I.4) is 

to be satisfied. However, the violation of the 

SU(4) symmetry (different "sea" levels for diffe­

rent quarks and threshold effects) may lead, as 

we shall see,to a considerable violation of(I.4). 

b) Bjorken Scaling 

According to the experimental data on the 

electroproduction at energies below 20 GeV, the 

structure functions are assumed to be dependent on 

the one variable "x": 

(I .6) 

This assumption is very important because it al­

lows one to select in (I.I) the dependence of the 

differential cross section on the variable ~· Mo~ 

reover this dependence should be the same at all 

energies. 

Assuming that the scaling is satisfied (it is 

not obligatory for the charge symmetry) one has 
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Accordinl! to the s~aling hypothesis 

(energy 
B" canst. c I, 9) "' 

in<;!enenden t) 
Bv canst. 

If the charge symmetry"'is satisfied, then 
Bv=Bv (I.IO) 

It should be noted that in fact the experimental 

data on electroproduction indicate to a possible 

dependence of the structure functions on q2
• 

c) Quar)I:-Parton Hodel. C:allan-Gross Relation 

Since the Bjorken scaling can be exrilianed on 

the basis of tne parton model, very often when 

processing the neutrino data one uses the Callan­
Gross relation 

(!.II) 

It follows from the assumption that leptons are 

scattered on quarks w~th a spin I/2· If (I.II) is 

satisfied,then Kv Kv = o. 
Note that the violation of (I.II) leads to an 

existence of a longitudinal part in the deep-ine­

lastic electroproduction F
1 

= F2 - 2xF 1 which 

according to experimental data is in average I8i 

of the transverse part 2xFI. Whether the longitu­

dinal part will decrease with the energy growth-as 

it takes place in the parton model with a spin of 

I/2- or will remain constant or even increasing 

should be clarified experimental I;·. 

In the algebra of fields I 4/ and in the uene­

ralized vector-meson dominance modeliS/ it is
0

pre­

dicted that FI=F3=o within the Bjorken limits, and 

the cross sections are to be determined by o nur~ 

longitudinal part 

,e-ovciYJ FL(i.-'i.) 
dx c( ';f _,. Oo <OJ 

and be the same fpr the neutrino and antineutrino 

scattering. 

I shall divide the experimental data into 

two groups: the data obtained at energies below 

30-50 GeV and those above SO GeV. 

1.2 Experimental Data below 30-50 GeV 
I6/ 

I.2.I Rata of the Gargamelle Collaboration 

About 4000 events in the neutrino beam and 

about 3000 events in the antineutrino beam with 

E = I-IO GeV have been obtained from the Garga­

melle bubble chamber. 

The results do not differ considerably from 

those presented at the London Conference. Fig.3 

shows the results of the total cross section 



~·asurements for interactions in freon(CF 3Br) and 

related to one nucleon. The dependence of the cross 

section on energy is described with a linear fit 
G'v = ( o. S~ :t: o.os) E., ·I0-~8un-tc-,-i. 
6');: (0.~1±.0.02)E.y 10-?>S (LIZ) 

(For freon the ratio of number of neutrons to pro-

tons is I.I9). Normalization of the cross sections 

(I.I2) for an isoscalar target may be done using 

the predictions of the simplest quark-parton model 

6').1~ 6'vP= o~r; o\'1"'=2 

The 

and 

., 
corresponding procedure makes b by 3% smaller 

6';:; by 3\ larger. 
~ ..., 

The ratio of the cross sections R= 6' I 6' 
is compatible with the constant value(energy inde­

pendent) within the experimental error 

R = 0.38 ± 0.04 */ (I.I3) 

The constancy R satisfies the scaling requirements 

though,as the authors note, most of the events 

have low energy and do not lie in the deep-inelas-
2 2 , I tic rejlion where Q .:>> M and v>:> M. Under assump-

tion that scaling and charge symmetry are satis­

fied the cross section ratio is equal to 

R=3+A- ZB 

3 + A + 2B 

where 5 2.x F, d.x S x F3 cix 
A = 

~ Fz.lY: 
B= s FL ely; 

Taking into account inequalities B~ A~ I 
the mentioned ratio put the magnitude A within the 

following limits 

0 • 8 7 ± 0 • I = 3 (I- R~ ~ A ~ I. 
I + 3R 

The obtained limitation shows how correctly the 

Callan-Gross relations are satisfied : when I.II 

is satisfied, A=I; vice versa: from A=I and posi­

tive definiteness of the functions FI,F2 there 

follows (I.II). At the same time it is compatible 

with a longitudinal part at the level observed in 

electroproduction. Then for the magnitude B we ob­

tain the following limitation 

0 B 2(I-R) 0.87 ± .I ~ 1i 
I + R 

0.90±0.08 

(When condition I .II is satisfied one has to take 

the upper limit for B). The closeness of the mag­
nitude B to unity in terms of the quark-parton model shows 

that scattering on antiquarks gives a snall contri­

bution to the total cross section,i.e .. t~e cross 

section is determined by scattering on valency quarks. How­
~ver, at energies lower than 5-6 Gev there is pro­

bably an"imitation" of the scaling behaviour since 

the measured cross sections(in particular,for an­

tineutrino) are saturated by two or three 

*/Normalization for isoscalar target increase~ R by 6',. 

channels ,that is, elastic scattering,single and two-pion 

production. 

I.2.2 Data of the Argonne-Purdue Collaborationi7/ 

In the Argonne I2 foot bubble chamber with 

deuterium filling the CC neutrino interactions 

have been studied at 6 Gevi 2/, v,p - v,n interac­
tions were identified and distributed along 'different exclu­

sive channels. Taken together these channels give us 

a picture of inclusive processes v,...p- /<--+ x++ 
and )),.._ tt ~ jv- X+ . Total cross sections for 

these channels are increased linearly (even in the 

energy range of 0.5< E <2 GeV)that is in agreement 

with the CERN data. M . ....., v.- vp 
For the ratio R= u I$" in the energy range 

above I. 25 GeV the following value has been 

obtained 
R = 2.08± 0.23 (I.I4) 

This value agrees with the predictions of the naive 

ouark model according to which R=Z,when neutrino . li 
are scattered on valenc~arks. 

I .2 .3 Data of the FNAL-Michigan-Se!oukhov­

Moscow Collaboration IS/ 

The IS foot bubble chamber with H2+20%Ne fil­

ling was exposured in the antineutrino beam. 
Assuming equality (l.II) from the distribution in 

y the values of B(x) = F3x/F2 were determined 

within different x intervals for 429 events. 

With y2Ne filling (the ratio f/n=I.4) the va-

lue B., is equal to 0. 79 ± 0.06 within the energy 

range ~f I0-50 GeV. 

1.2.4 Data of the ANL-Carnegie-Mellon Univer­

sity-Purdue Univ. Collaboration I9/ 

The IS foot bubble chamber with hydrogen fil­

ling was exposured in the antineutrino beam. On 

the basis of 332 ~p events and with y distribu­

tion it was found that B~ = 0.9I± 0.08(5< E <30 
~ 

GeV) and B~ =0.82± 0.14 (E > 3Q GeV). Within sta-

tistics limits the data are compatible with B~ =I. 

I.Z.S Data of the Harvard-Pennsylvania-Wis-. . zo 2I/ 
consin-FNAL Collaborat1on ' 

On the basis of about 5000 neutrino and 2.5000 
antineutrino events with y distribution the va-' 

"' lues of Bv = 0.95j:O.I and Bv=0.9.t0.6 have been 

determined within the energy range of I0-30 GeV. 

ab 
. 22/ 

I.2.6 Data of the CalTech-FNAL Coll orat1on . 
156 events coming from pion decay in the di­

chromatic neutrino b~am with <E~>= 52 Gev were 
v + 0. 22 b . d found. The values B = 0.66 0 26 were o ~a1ne 

- • v 
from the distribution in y (the value of B for 

~withE= ISO GeV will be given below). The dis­

tribution in y at x <O.I and <Ev>~SO GeV in the 
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neutrino and antineutrino beams i c c,•nsi:,t,'nt with 

_, 

:~~ L-.o.1 ~~v I ;<_.0~1 CI.IS) 
. . ~·O . h 

The 1nd1cated equal1ty checks only the c arge sym-

metry of the structure functions F2 (xl 23 1 

~-2-~ ~-~-~ ~-~-2-~-~: __ 
The experimental data obtained at energies below 

SO Gev agree with the predictions of the 

I. Charge symmetry (Bv = Bv) 

2 B · k 1· ( th t Bv and Boy • J or en sea 1ng e parame ers 

do not change with energy within experimental er­

rors.) 

3. These data do not contradict the predic­

tions of the parton model with the spin I/2 ( A pa­

rameter is close to unitv) Nevertheless the experi­

mental errors do not exclude the existence of the longitu­

dinal part at the level obserbed in electroproduc-

tion. 
y(vJ 

4. Closeness of the B parameters to unity in-

dicates that the momentum fraction of antiquarks 

',"sea") is very small in contrast with the momentum 

fraction •of the VRlencv quarks. 

with the equalitv 

This is in agreement 

<S'V"'! bvrl~ I/3 and 
,yV"" vp 
o ;o ~2. 

I.3 DEEP INELASTIC SCATTERING ABOVE SO GeV 

I.3.I y Distribution in Antineutrino events 

The experimental data indicate to a conside­

rable change of the y distribution 

in antineutrino interactions at energies above SO 

GeV as compared with those at lower energies. The 

distribution in y in antineutri~u events becomes 

flatter and considerably differs from LI-y)2. 

This anomaly was first discovered by the HPWF 

group who also indicated that events leading to 

a large y anomaly are concentrated in the range 

of large effective masses of the hadronic block w: 41 

According to the HPWH data 20/ 

Bv = 0.75 + 0 · 2 
0. I 

"' Bv= O 45 + O.IS */ 
. - 0. IO 

The evidence for a "flatter" distribution in y in 

antineutrino events was confirmed by the CalTech­

FNAL group 221. y distributions obtained in the 

dichromatic antineutrino beam at the average ener­

gies of 50 and ISO GeV are presented in Fig.4.It 
is seen that with <Eo,>= 50 Gev B~ = 0 66 +O.Z 2 

V" '-0,26 
'\., + 0. 30 

and with <E~>K= ISO Ge\' Bv = 0 .. '\6 O . 36 . 

Data of the WSMIS/ group obtained in the 50-200 GeV 

antineutrino beam do not exclude dependence in y observed by 

*/The renort hv .~.KJ.Iann21 / submitted later gives 
"' 

Bv = 0.83' 0.20 ; Rv ~ 0.4L" O.I3. 
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the ! iP\\T a roup. The chanrre e c the ,:,aramcter B" ::t hip,h ener­

Qics c>·iclences lor a breaking of the scaling law. 

:-Jote that large y anomaly is not described by a 

simple ouadratic polinomial i.n y as that would fol­

low from (I ,7) when the scaling law is satisfied 

(see Fig.S). This means that the structure fun­

ctions are really the functions of two variables 

(x,Q
2

) and not of one variable x. The "dip" at 

small y probably evidence for some threshold ef­

fects in particle production. 

"' I.3 .2 Growth of Ratio of Cross Sections ov/ov 

The ratios of cross sections ov/ov measured by 

HPWF group by two different methods are a clear 

evidence for an increase of this ratio with the 

energy growth (at E :>SO GeV}(see Fig.6}. The obser 

ved growth of the cross sections is in agreement 

with a flattery distribution in the antineutrino 

beam. 

C o n c 1 u s o n 

I. A flattery distribution is observed in the 

antineutrino beam at energies above SO GeV thon 

R~ nncrgies hel0w 30-50 GeV. The parameter B~ is 

much less than unitv. In accordance with this the 
. "' 

growth of the ratio a" !av is observed. 

2. The observed anomaly evidences for a violation 

of the Bjorken scaling at transition to energies 

CJ.bove SO Ge\", R~ (E' 50 GeV) ;I B(; (E< SO GeV) 
o, 

3. The difference or Bv and Bv above 30-50 

GeV evidence for a violation of the charge symmetry. 

Some Theoretical Remarks 

The last two facts, taken together, are of 

great importance for theoretical interpretation. 

However one should remember that this may be due 

to diffcTent reasons. The breaking of scaling 

law may be a problem of strong interactions and 

of hadron structure while the violation of charg~ 

symmetry is definitely the problem of weak inte­

ractions,that nf new currents switching on. 

Indeed, let us assume that the values for Bv 
:\ 

and B., change with energy, hut the charge symmetry 
o, 

is not violated (Rv = Bv), and we know nothing 

about any other "unusual" phenomena (e.g.dilepto­

nic events}. Would a decrease of R with energy be 

surprising? I do not think so. Precautious 

scaling would be more surprising.In this sense the 

early Bjorken scaling could be comnared with nu­

clear scaling observed by Y .Leksin et al~S/ i.n the 

nucleon scattering at energies of a few "eV (I ar,\ 

thankfull to Prof.Anisovich for the indicated ana­

logy.} At low ener!!ies the "sea"(or multiperiphe­

ral ladder} has no time to develope, and the nuc­

lear scalin£ likely reflects just the fact that 

nuclei consists of nucleons. 



The"true" Feynman scaling accompanied by a plateau 

in raoidity occurs at considerably higher energies. 

(See the rapporteur talk by Chliapnikov) Similarly, 

one may think that the orecautious Bjorken scaling 

indicates to the fact that nucleons consist of va­

lence quarks while the "sea'' is sma11 27 /. Close-
"' ness of the ratio cr" I a" to I/3 and of av%"Pto 

is a quite good fit. With the neutrino energy 

growth we approach to the region of the true Bjor­

ken scaling; the role of the "sea" increases, and 

the ratio of cross sections tends to unity. On the 

other hand, such an increase of the momentum frac­

tion of the ouarks from "sea"(i.e.,decrease of 
"' B v(v) with energy growth) is also expected in the 

gradient theories with asymptotic freedom (AFGT), 

in the vector dominance model and others.(See the 

rapporteur talk by V.Zakharov 281.) 

However, the aforementioned remarks cannot 
"' explain the violation of charge symmetry(Bv # Bv 

in the context of weak interaction models with Ca­

bibbo currents (in terms gf SU(3) symmetry). In or­

der to explain the arising of charge ~symmetry at 

high energies the additional woRk currents are ne­

cessary.Thus, the violation of charge symmetry is 

to be attributed to the weak interactions. There 

exist two possibilities in this case: 

a) The minimal GI~-modeli 3 / with the forth 

C-quark and left-hand (LH) currents only in case 

when the quark "sea" is increased. 

b) Schemes with right-hand(RH) hadronic cur­

rents which are strongly (of order of a unity or 

Cos 9c) and asymmetrically coupled with the valen­

ce u- and d-quarks. 

In this sense the minimal one is the scheme 

with 5 quarks united into two left and one right 
u c u v 

duplet (dc)L' (sc)L'(b )Rand lepton duplets lee) 

(~~\, (nn)R containing the additional heavy char~ 
ged (h) and neutral (vn) leptons. More sophistica­

ted schemes of 6,8 quarks with LH and RH currents 

are also considered29 • 30 1. (See e.g. R.M.Barnett 3 II) 
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In the models with &~ currents the va--v 
l~es !or 9r increase at energies above the 

threshold of production of the particles with 

new quarks because of the antineutrino scattering 

on valence quarks. This results in a flatter •y" 

distribution for~ , and neutrino and antineutri­

no cross sections become close to each other. In 

these models this should lead to an evident 

violation of charge symmetry: the quantity 

B V may remain close to unity and the value 
v 

for B decreases. The equality ( 1.15) should 

be violated. 

Possibilities of charge symmetry violation 

in the models with RH currents are quite owvious. 

More complicated is the problem of charge sym­

metry violation in the GIM model. In the papers 

by .A.l tarelli et al. I 3 2. I it is shown that the 

GIK model, the asymptotic freedom and some model 

asauaptiona on the way of restoring scaling at 

energies above the production threshold of char­

med particles may provide an interpretation of 
"" existing experimental data on')) N and )} N scat-

tering. To explain how the observed charge 

asymmetry may appear in the GIM model I shall 
33(, 

use the aemiphenomenologieal approach which 

does not asauae that the increase of the quark 

sea is necessarily due to the asymptotic free­

d~ In this model the st~cture functions at 

energies above the charmed particle production 

threshold are of the form: 
'\)11, -

Fl. = U. + .:L + s + c 
Fi.vr = u. +I+ s + e 

,;p - -F ::;;.U.+Gl+S+C; 
' !=I ).)11.:;:: L( + J: + S + c j 
l'f' - I -

rF~ =-U.+C\.+s-c.; 
-lJn. - -i F 3 = -lt+ d.- 5 + c 

vn - -iF, =U.-ct+S-t t r/)r = u.- J:- s +c. 
u,d.,s,c-
are the distribution ructions of the correspon-

ding quarks in p~)~P! 



It is seen from formula (1.16) that cha.ge 

symmetry is always conserved in the function F:1. 
and consequently in the function F2 ( if the Cal­

lan-Grosa equalityis sat~sfied.)This equality 

(1.15) should take place at any val"es and y•O, 

As for the interference functions PJ they turn 

out to be obviously charge asymmetrical under 

a natural assumption that the sea of heavy q~rks 

in nucleon is suppressed (e.g. following the law 

1/~2 similarly to the probability of electro­

magnetic pair production), Asymmetry arises due 

to C., (C) quark production on the sea of S ( 5) 

quarks. Therefore if the sea is small, asymmetry 
34/ 

is also small. However if the role of the sea 

increases with energy,the charge symmetry viola­

tion in the GIM model would be considerable. 
v -

The measured q~nti ties f) and E>v may 

be expressed by way of two parameters E and }-

8 '\= i +E. A E>v _ 1.- EA 
i.+t(2+l) - i+£(2.+).)~ (i.lil) 

where £ equals the ratio of the first moments 

of the sea and valent 

e- <u.+ J>.-,ea. . - < u + .;t >we~ .. '-~: 
and the parameter fi 

quarks :1.. 

< U/= ~xlJ(")Jx , 
0 

characterises the suppres-

sion of the sea of f, quarks as compared with 

the sea of U. and cl quarks. 

~ :: 2 ( S / ~eCL j.( u t d '> 
l!>eoo.. 

(1. I~) 
Prom (1.17) we obtain the relations where the pa-

rameter E.. is excluded: 

e,)} .:: v B (l+.A)-fi .,., 
If we use the estimations A= i and :s-o. 75, v ~ 
then for E) we will obtain the value B 11 

•0. 5 

ve~ close to the average experimental velue of 
v e, •0.45. But it is better to adopt for ). 

the values of A •0.5 + 0.6 that follow from 

the relations between liN and KN scattering cross 

sections as well as from the yield of strange 

particles/35/ • Within ~ther large experimental 

errors the value jt •0,6 may also be brought in 
"' agreement with the measured values for E) v and E)~ 

The parameter £. may be expressed through 
.,., ~ 

the values of B , f) using formula ( 1.17} 

Bl3l 

(1. 2 i) 

Prmn the est.::_:~ations the value isb0.2 for the 

magnitude t:.. One could obtain an indepen-

dent estimation ~ from other considerations. 

Pig. 7 presents the distributions obtained in 

neutrino 
/18/ 

gies above 20 GeV. 

experiments at ener-

One can 

note some excess at xi 0,2 as compared with the 

values for the structure functions calculated from 

the data on electroproduction at energies below 

20 GeV. SUch an excess is observed in neutrino 

experiments at high energies. If this excess is 

interpreted as an increase of the sea quark moment 

then for £ we will obtain the value 20-30% in 

accordance with estimation (1,21), 

The ratio of the cross sections 

'"" bv i+ t (~+?>.A)_ 
6'v 3+f.(4+::,;t) 

increases with the growth of f, • At t = 0.2 it 
5'1)' 

is equal to iv= 0. 55. The mean values for <. ~j.>.., 
and < lj )' v are eq~l to 

and at t ~ oo they monotonously tend to the same 

value of 0.44-0.46 (that is not very sensitive 

to the value for .iL At £"0,2 <';)->..._•0.37. 
,.-:;;; -,} l> 

The .. alues calculated for " ;(J and <: ~J>;: are 

in agreement with the experimental data (see 

fig. 6 and fig. 8) • 
v v 

The deviation of f) and e, from unity 

is a crucial point for the assumed consideration. 

The experimental data are quoted with large er­

rors (see fig, 9). However the mean values have 

a tendency to decrease syatematically with the 

energy growth. It is seen from the given Figure 

that the selection of experimental data into two 

groups (E <.50 GeV and E >50 GeV) has an arbi tra­

ry meaning only. 

An additional argument in favour of the p~e­

sent consideration are the data on deep-inelastic 

muon scattering on protone/101, where there is 

also an excess it X .( 0. 2 increasing with Q z. • 



C o n c 1 u a i o n 

1. It the observed of charge symmetry is 

confirmed, then this tact will unambiguously 

denote that new hadronic currents should be in­

troduced into the weak interaction scheme at high 

eaergies. 

2. It further clarification of the experi­

mental data makes it clear that at high energies 

the parameter B v really becomes smaller 

than unity then charge asymmetry may be explained 

in the framework of the GIM model with LH current. 

3. It the parameter 5v is close to unity, 

and charge aeyaanetry is observed ( B~ L.. P1 ), then 

one can hardly avoid introducing the modele with 

RH currents. 

2. Dileptonic Events. Search tor Charmed 
Particles 

At the previous London Conference the HPWP 

group presented 2 events c~+.~-) emerging from one 

-nd the same vertex in the neutrino beam. 

By the present moment in already several 

neutrino experiments they have confirmed the 

production of leptonic pairs ( /lf<' and jte 

emerging from one vertex. It may be an evidence 

ot production of new perticle with lite-time t < 
11 H) 

10- sec that decays in weak interaction mode. 

In the experiments with electron detectore 

it was possible to select f'~ pairs, te measure 

their kinematical characteristics as well as had­

ron energy. In the bubble chambers experiments 

they mainly selected f-e events and managed to 

find accompanying hadrone tor a part of these 

events. 

2.1. Data of Electronic Detectore 

2.1.1. HPWF Data/37,2Q/ 

In the experiments the events are registered 

with muons of different signa outgoing from one 

and the same vertex (in the reaction ~N __. 1/(.)<-+ X 
there were found 42 events; in the reaction 

•> Search of charmed particles in n~utrino in-
teractions were discussed long ago (see e.g. /36/). 
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~ -+ ~ + ~- x - 13 events). Some general proper-
~ 

ties of dileptonic events were clarified and 

later on they were confirmed with the results 

from other experiments. 

1. Production erose section for leptonic 

pairs of different eigne in antineutrino and 

neutrino beams were found at the 1~ level 

from the total cross section with charged cur­

rents. 

2. Leading effects: 

In ).)J<. beam ~- meson is more energetic 
...., 

and as tor ,)},... taeam it is /'(-+ meson. The 

ratio of the momentum mean values in the neutrino 

beam is equal to (f'1c//<P~+/•6.1:!;0.e•>. (This 

ratio is confirmed by the data on ft--e t pairs, 

obtained in the BCHW experiment/3S/). In the anti-

neutrino beam: (Pft.+//<P..t.-> •2.9:t;0.7. 

3. Large Inelasticity 

Dileptonic events are accompanied by a 

considerable energy traction transfer to hadrona. 

The mean value tor ';}=f ... /E,.., is about 0.5 

and the distribution J.o/J:y is of flat form 

tor dileptonic events. 

4. J. -distributions tor a leading muon 

are coneiderably shifted to the range of small 

value tor X ( X i 0. 2) in the antineutrino 

beam. In case of the neutrino beam such a shift 

is smaller. 

Thee~ features allow one to exclude the 

leptonic pair production at account of four­

Permion interaction (Vx.~)(V,..ft),or of charged w-
boeon produ1:tion or of heavy lepton (see figs. 

10a, 10b, 10c). Process presented in fig. 10a 

is excluded due to the small inelasticity and 

leading effect (no matter how large is the force 

of ~ .... ft) ( v,.. r) interaction). Process 10b 

goes on with small inelasticity and gives a lea­

ding effect for muons of opposite sign. Process 

10c is excluded because of the leading effect, as 

•) This value is derived by events sampling 
with p ,•c )' Pl<t in the mixed neutrino-antineutri­
no beam. 



it was shown by lais and T~eiman/39/ independen­

tly of the form of weak interaction (L of<-)(~)}"') 
should be 0.~8 ~ <P,..-7AP1<+:>~2.1. It is obvious 

also that the processes shown in figs. 10 (a,b,c) 

do not give any explanation of the strong cor-

relation of jL-e + pair with K. ~ events 

observed in the bubble chambera (see below). 

llany authors have treated the mechanism 

connected with the production of heavy hadro -

lepton/40/ as a possible source for leptonic 

pairs. This lepton was assumed to be responsible 

for noncolinear ~ e pairs in the e+e- col­

liding beams, and :::1/'t' , lf' 1 
mesons were conside­

red as a aound state of such hadro-leptons. It 

was assumed that leptonic pair production in V 

( V ) .beams follows the scheme shown in fig.10d. 

It is obvious that in this mechanism there is no 

strong correlation between hadronic pairs and 

K~ mesons (if no additional hypothesis are put 

forward) and a considerable part of energy is 

carried away by an invisible component 

three neutrinos), The latter fact seems to 

contradict the experiment•>. Thus the hadro­

leptonic hypothesis cannot explain all the obser­

ved dileptonic events. 

2.1.2. The observed of the dimuon production 
at Serpukhov accelerator 

The data of the ITEP-IHEP collaboration/41/ 

The neutrino detector with optical spark 

chambers consisting of two parts:production 

part and magnetized iron part was used in expe­

riments. The weight of the fiducial volume of the 

production part was 34 tons. There were two runs 

with different neutrino spectrum. In the second 

•> In the HPWF experiments the average 
energy in dimuon events is (E/<) •(68;!6) GeV 

,E,.._+> •(11±1) GeV. Putting (Ev,)=: (E,«.-) 
and \,Ev,..>==<Evh)::(Ejtt/(see fi(!;.10d) one can 

see that the average invisible energy should be 
about (90±8) GeV. Taking into account that the 
mean visible energy is (114±4) GeV in these expe­
rimants one can obtain a total energy < Ev '> • 
( 

/~T 
204±22) GeV that is larger than the total energy 

of a hadron beam llT, 1\,) of 200 GeV. 

run the low energy part was suppreaed and high 

energy part was enriched. 

The selected dimuon candidateS should 

have two tracks which passed more than 0.48 m 

of iron (0.75 GeV). Fig.{i presents the intecra­

ted distributions in visible range of the short 

track for neutrino run z· Solid curves 

are the Monte-carlo predictions of background 

from rr, K mesons. Whereas the data of run 

I is consistent with calculated background, one 

observed the excess for the run 2. 

The main conclusions from this experiment are: 

1. The majority of dimuon candidates is 

produced by neutrinos with E...,> 10 GeV. 

2. Usually a considerable part of neutrino 

energy goes to hadrona. 

3. One cannot explain the excess of 40±10 

events by background within reasonable assumptions. 

In the energy region 10 ~ B,.~ 30 GeV 

s(vN-2J<•XJ = N1.J<.(£,.>D-15~) 1 .€u!=~·"t'·2)1oz 
o('vN"' j<+X) Ni,f<(E,...>035G-e.&J) K(E...,>IOGE~i)f.z.r -O.i 

where K(Ev>10 Ge~ is a fraction of events with 

Ev> 10 GeV, t 1fL, t:Lf< - efficiency for i)'- and 

events. 

The errors take into account the uncer­

tancies in the neutrino spectrum and efficiency 

for 2 ~ events. 

4. The sensitivity of this experiment in 

the antineutrino beam does not allow one to 

make definite conclusions on the 2 ~ production 

on the level at i· 10-2 from the total cross 

section. 

2.1.3. Theoretical Remark. Dileptonic 
Events and Charm 

From the viewpoint of the naive quark -

parton model the cross sections for neutrino-

nucleon and antineutrino-nucleon scattering above 

the charmed particle production threshold (under 

condition the sea of C-quarks being suppressed 

in nucleon) is of the following form 
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d2 0 vN 
dx dy = oQK{i(u+d)Cos2 ec +2sSin2 ecl+ (u +<d)(I-y) 2 + 

} (2. I) 
--~~~------~ 

(2.2) 

2. Since in the v beam the charmed 

particle production goes on sea quar~s only, 

~-distribution of the leading meson will signi­

ficantly be more narrow than that of one-muon 

events; in the neutrino beam x-distri·bution of 

dileptonic events will be somewhat wider than 

that in the antineutrino beam (because part of 

charmed particle production goes on valence 

quarks). 

where u,d,s are the distribution functions of the 
corresponding quarks in the proton. The underlined 

terms correspond to the charmed particle produc­

tion. From these expressions it follows that the 
ratio of the charmed particle production cross 
section to the total cross sections for vN(~ N) 3. The existence of the leading effects 

scatterring may be expressed through two parame- at high energies is qualitatively obvious in this 

ters £ and A introduced in Section I. (formulae model. 
I.I8,I.I9) that,in their turn, may be expressed 
through the observed parameters of y-distribution33/ 2.2. Purther Confirmation of GIM Model 

f:, = (J - e.'')/ ( e, v + p, v) ( 2 . 3) Pig. 12 present the eche"es of charmed par-

S::: 6"(VN-.CX)::: .;[-w..1.ec.+t(ACd:>16c.t~kz.fl:~C 2 41 
ticle production ;in the neutrino and antineutrinq 

v ~..t.(vN) ·- 3t t:(Lt+;l) · beams. 

S 
=6"(-iJN ... C.X) = 3t(Acm:z.e,t~~ec.) Charllled particle production on the sea of 

( 2 • 5) v Otot(VN) i+ £.(4+3A) st;oange quarks (f'igs. 12a and 12c) leads to the 
'\, 

Taking >.=0.6 and the values Bv "0.7 and s" =0.52 

adjusted to the chosen A (within the errors of 
20-ZI/ measurements ) we obtain a\) =I9'),, ov =I4',. 

With leptonic branching ratio of order IO~ the ob­

tained value~ well agree with yield of dileptonic 

events within I~. The measured parameters of y-dis­

tribition have certainly large errors. Therefore, 
the obtained values should be considered as rough­
ly approximate*/. Close values of yield of charmed 

particles are obtained within the model described 
in 32/ 

It can be easily seen that other characteris­

tics of dilcptonic events, pointed out by the HPWF 

p,roup, are also in agreement with the hypothesis 

of charmed particle production,i,e.: 

I. From expressions (~.I) and ·2.2) it is 

fact that dileptonic events should mainly be ac­

companied bY a pair of strange particles (because 

of the smallness of sin2Ge ). Charmed particle 

production on valence quark (fig. 12b) is the 

most important process at low energies. 

The model was qualitatively approved by 

the BCHW/3B/ experiment and by the data of Gar­

gamelle/42/ and BNL/431. 

2.2.1. Gargamelle Data/42/ 

Among 22500 neutrino with charged current 

events with the visible energy E~>J GeV there 

were found J.M-e+vo events with the selection 

criterium Pe > 200 MeV. Their characteristics 

clear that y-distribution for 2 m't-events in~ beam are enumerated in the Table. J.i'ig.13 presents one 

should be as flat as in v beam. 

*I Using the CalTethF~AL data (see sec.I.2.6) 

at< E~> = SO GeV Bv = 0.66 :g:~~ and >. •0.54, 

then by formulae (I .20) ,(I.2I) ,l2 .3)- (2.:i) one 

d . v 0 80 +0. I 2 E 0 I 4 -0.0 8 
en.ves B ="'. -o. 2o; = · +0.03; 

R• o" • 0.48 -O.IO o.•O.IS -0.07 
ov +0.!3 " +0.03 

v -0.03 
6v=O.IO +0.03 
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of the events. Their characteristics and a total 

set of events, including electrons and positrons 

are given in the report by P.Musset/42/ alongside 

with the estimations for the expected background 

level. The probability that the three JI-Ce+vo 

events are the background is equal to 2"10-4. 

A strict correlations between positron and 

\/
0

- particle production has been established. 

Since the mean fraction of Y~ events in usual 



cc interactions is 1.)% then if Ve• particle pro~ 

duction is 
,.. 1" 

noncorrelated one should nave observed 2)0 ('-e. 

events. but there are only 

16 events observed).~he calculations of yield of 
/44,45/ 

charmed partic;:les are by order of magnitude 

consistent with the observed number of events. 

The PNAL 15 foot bubble chamber with neon 

hydrogen filling and external muon identifier 

was exposured in the neutrino beam. As a result 

5000 c.t events were obtained. 

15 !'-- e + events have been found • 1) events 

out of them have the positron energy above o.s 
GeV. The detection efficiency for positron with 

Ee•> o.a GeV is (48!7)~ and is almost independent 

of the positron energy. 9~ of f'- e + events 

may be referred to C. C.. events. 

Por the ratio S' (,...-e.+ X)/ o ( /(.-fthey obtain 

the following estimation 6"(f<-~tx)/6"(f'-)= i (O.b?:d::O.:t9% 

where t - is the tpectrum fraction e + with 

the energy more than 0.8 GeV. It is possible 

that t%. Y:z.. 

event 

pairs 

from 

The expected background is estimated as 1 

(0.7 of events from the asymmetric Dalitz 

V N ... /'-- 1T 
0 

X and o • .3 of the events 
~....., .e +i(e-!I') 

Ko decay). 
- +­There is a very strong correlation of }<. e 

pairs with V 0 
events 1 from 15 events 7 are 

Ko + -accompanied by 5 _. IT fT (in one of these events 

there is also K; _, 2 IT
0 

) 2 are accompanied 

by ;\ ~ prr-; 2 events with K; /A ( K; 

and 1\ are not distinguished) and 4 events are 

without V0 
prongs (in one even"\; there is l<; .. lrT) 

There are events with stopping K+. Such a strong 

correlation is quite consistent with the hypo­

thesis on the appearance of leptonic pairs in 

charmed particle production in the framework of 

the GIM model (fig.12). 
0 

Taking into account K \> detection effici-

ency and as awning that .:._ N l K; )) = \N (!(~))the mean 
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multiplicity of neutral K mesons is 

\ N K") • 1. 54 ! o. sa. 
i.e. within experimental error it is compatible 

with 1 or it may be even less. However if they 

refer two ambig11ous ";/A events to the events 

with K~ then they will obtain the value of 

( C'JK)"' 2 0.6 and for the total 
0 

multiplicity of kaons (under condition that 

(NK:t.>::::.<NKo))the value <NK;> will be 

4!1.2). Proceeding from all the reasons above 

the authors come to a conclusion that K meson 
- + multiplicity in /~ e events is anomalously 

large. 

Still before putting forward any hypo­

thesis on the poaaible nature of this effect one 

should have rich statistics as within the limite 

of the available statistics there is a probability 

that the obtained results are compatible with 

( N !(~ > ~ Z following from the schemes pre­

sented in figs. 12-12a. 

As for the other characteristics of 

pairs (x1 distributions in fig. 14) they are in 

good agreement with the expected properties 

of leptonic pairs from the charmed particle 

decay. Y-distribution is compatible with a flat 

one. In x-diatribution 6 events out of 15 are 

within the range .X > 0.2 that is also compa­

tible with the estimations of the valence quark 

contribution ~v~ (J0-4~). The leading effect 

is very distinct: <PA-)/<:Pe+) •6.1. 

The dist~ibution of dileptonic ev~ts 

over the visible energy shows the absence of the 

threshold effects above 10-20 GeV (see fig.15). 

PTdistribution ( pT is the Pet momentum com-

ponent orthogonal of the plane V/' /<-- ) does not 

differ from hadronic distribution (see fig. 14c). 

This fact and the absence of the threshold effect 

indicate to a possible ~11 mass of charmed 

particles, The observed smallness of the average 

value for p,- is very .. mportant for the 

search for charmed particles in colliding e+e­

beams. A very high cut off over the momentum 

( Pe) 0.6 GeV/c) adopted at SPEAR may cut off 



a very large fraction of lepton decays of 

charmed particles. 
Assuming that half of the observed K0 ~-• 

s 
events is related to the decay of charmed partic-

les the authors estiMate the probabilitv of their 
· · c-+ e+x sem1lepton1c decays as: c -+all> O.I7(I :0.-l). 

The authors pointed out that two of the events 
e•K

5 
might be in IJC"tral currents. 

2.2.3. PMSM Data (PNAL-Michtgan-Serpukhov 
-Moscow) /46/ 

In the antineutrino exposure of the FNAL 
~{H,~21%Ne)/ t _ 

15 foot bubble cham~was found one fL e 

event, that additionally contains 4 positive and 

2 negative tracks and a photon ( Px = 32 GeV/c, 

PA-t- •17.1 GeV/c Pe-•1.2 GeV/c, X/<-•0.07, 

~~ •0.5~ At 90% confidence level 

the upper limits for the production 

cross section of fL t C- pair are o(~t-e-X) /6(1<+)~~~0 
S'(~te-V0X)i6(~•) ~ O.fJ/o • The expected back-

ground from }~N scattering when a positive 
t . 

hadron is identified as ft 1s 0.3 events. The 

background from tho nsvmmctric nalitz pairs and 

from e•c- pairs is~'.!. 

2.2.4. Conclusion 

All the data on dileptonic events, that is: 

1) The relative value of the effects, 

2) kinematical characteristics, 

J) the presence of strange particle are 

compatible with the four quarks GIM model. Prom 

comparison of the data of BCHW and IHEP-ITEP it 

is clear that intensive production of charmed 

particles starts at the energies of the order 

of 10•20GeV. 

2.3. Problems on Leptonic Pairs with the 
Sa!De Sign 

The works on the dileptons of the same 

sign are not submitted to this conference. 

In the HPNF experiment/37/ (see Sec. 2.1.1) 

7 A- -'t- pairs were observed alongside with the 

muons of opposite sign. These pairs are referred 

by the authors to neutrino interactions and 

3 Htft<+ i b d h 
1 - 1 - pars o serve in t e same experiment 

to antineutrino interactions. The ratio of the 

production cross sections for jL ~,k- and j<- /'< + 

is estimated to be 

Various hypothesis are used to interpret theore­

tically production of muons of an identical sign 

(see e.g/47/): 

1. In the models with several quarks the 

muons with identical sign may arise from the 

cascade (transition of heavier quarks into the 

lighter ones). 

2. One could attach the processes 5.)
0 

JOt i) 0 

to explain the appearance of the second muon 

with a "wrong" sign. In the standard GIM model 

the probability of such processes is strongly 

suppressed/4S/. 

Howwver in the multiquark vector-like theo-
. h • c.O _. Cj;\<> r1es t e transit1ons like ~ ~~may go on-

with a noticable probability. 

J. Within the framework of a standard GIM 

model one may attempt to explain dimuon events 

with identical signs by pair charmed particle 

production with further leptonic decay of one 

of the charmed particles. 

In this case the ratio IC- = o{ft"Jt-X)/o(t<j 
should have been ll-- = < n e > B'Z(C) where 

is the everage number of charmed 

particles produced in a block of strong interac­

tion. At R--:.;;; 1 o-3 and the branching ratio 

BR( c) ----.1 O% the magnitude <nc> should be about 

10-2• 

This value is just at the point of becoming 

contradictary with the experimental data. Indeed 

if one assumes that direct leptons observed in 

nucleon-nucleon collisions are produced from the 

charmed particle decays, then in strong inte­

ractions the ratio Jt/rr should be equal to 
lU- ,nc.>P.:>oz.(C)-v It--- 10-~ 

/fl-- ""--:::::: --
<.niT; <.nr.) <.niT) 

At the energies of about 100 GeV this ~tio 

should be about J.1o-4that seems to be higher 

than the observed value for direct leptons. 

However one cannot exclude the fact that 
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muon multiplicity ( tlc > in deep inelastic 

neutrino scattering on nucleons may be higher 

than in the strong interaction processes at 

the aame value of E =- W 4 

Possible leptonic triple·::s are a charac­

teristic feature of the pair production as well 

as of the multiquark models with cascade lepto­

nic decays. At the present level of statistics 

one should not neglect such a possibility. 

Some authors propose to consider the pro­

duction of heavy charged and neutral leptons 

(see work /49, 50 I ) as a source for muon 

pair with identical sign. Pati and Salam/51 / 

considered the production and successive decay 

of integer charged colour gluons and quarks 

as two new mechanisms of appearance of multi­

leptonic events (in particular, of muons of the 

same charge in )JN scattering). However, the 

production of leptons of the same sign at the 

above mentioned level of cross section should 

be further confirmed experimentally. 

2.4. Search for the hadronic mode of 
charmed particle decay 

/\() + + ~-+ ~·-:following interaction )J,tL p - f<.- 1\ )T Jf 1 

( ~ ':) ::: - ..l Q ) , where all observed particlea 

are identified. The invariant hadronic mass (t\0rrt,{1t1r) 

M•2.426+0.013 GeV. The latest calculations for 

the probability that this event was caused from 

the background (associated production of {\ K ~ 
withf~: along~ ... )gives 3 • 10-5. 

According to the GIM model such an event might 

be interpreted aa charmed barion production (with 

the suppression by the Cabibbo factor ain~e~ 

and as a decay along the hadronic channel (see 
/44-45/ 

fig.12b). Rough estimation does not contra-

dict such a hypothesis. 

2.4.2. Search for narrow resonances in the 
systems A+tt,')t, K.+MI, K+p 

The search for narrow resonances was per-

formed with the chamber "Gargamelle" and 

the PNAL 15 foot chamber (the BHF'M collaborati­

onl121j5~ evident characteristics were detected 

in mass spectra at the present level of statistics 

(taking into account the background of a usual 

strange particle pair production).A large yield 

o:f the known resonance .J*< 1385) was observed 

by both groups. In the experiment/53/ 
A number of experiments with the bubble 

chambers (7
1 

B:NL, Gargamelle, 15 1 PNAL, 12'A:NL) 

were carried out with the aim to search for 

hadronic mode of charmed particles decay pro­

duced from neutrino interaction. 

S'(vN 4 .!"~1'?)i5))/6'_;;t:::~jo. Tbe question arises, if 

The search for particles with new quantum 

numbers was performed in two directions: 

a) an evident violation of ~~ :::4Q rule in 

neutrino interaction; 

b) the presence of narrow resonances in the 

invariant mass of !\+n.fi
1 

t<.;+nrl, K~p etc., 

systems. (See mini-report by Yu.Ryabov/521). 

2.4.1. Study of~ S•-AQ event in the 
B:NL 7 foot chamber /43/ 

In the neutrino exposure 1086 CC events 

were obtained in the neutrino exposure, among 
\/0 them 10 have strange particles of v type in 

the :final state. One of the ten events is the 
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resonance~(1385) is the decay product of charmed 

baryons. 

2.4.3. Distribution of strange partlcles as 
a function of the invariant hadron 
mass in 'V beam 

The experiments with antineutrino give 

certain advantages for charmed particles search 

in their hadronic decay mode • Since "y"-distri­

bution for production of usual and strange par­

ticles (on valence quarka) is to be falling 

and that of charmed particles is flat,the 

eventa with decaying charmed particle should give 

an excess at large invariant masses of the hadron 

"" block. The production of strange particles in v~ 

beam was studied in pape~5~1. The yield of \1° 
particles as a function of the invariant mass ~ 



ot the haciron o~ock is givo~~n in fig. 16 • Data 

do not cont:radict the tact that in the distri­

bution oZ' Vtl eTents on the invariant hed.ron 

mass for W) 5 GeV there is an excess over the 

distribution normalized for all CC events (see 

fig.17). To make more definite conclusions the 

statistics should be increased. 

2.5. Prospects of uearch of charmed 
particles in photoemulsions 

One of "experimentum-crucis" which proves 

that the decay of new particles is due to the 

weak interaction and makes it possible to define 

their li~etime is a direct observation of the 

charmed particle decay in flight. The photoemul­

sion technique which allows cne to define the 

paths of order of 10/<- seema to be very promising 

especially in neutrino experiments. In this case 

number ot events is not large, but the technique 

used with the help of spark and bubble chambers 

allows pne to reduce scanning time.At present 

few experiments of the photoemulsion irradiated 

in neutrino beams are carried out • 

3. Neutral currents 

After the London conference many experi­

mental and theoretical inveatigations were de­

voted to the study of neutral currents. The 

experimental works submitted to this conference 

give an essential contribution to understanding 

of neutral currents. I shall present the re­

sults ot these works as follows: 

1) Pure lepton currents. 

!~ Elastic scattering '\. .._ P and V"- P 
) ) Reactions of "ingle production 

v,...N~v,..N'S\ v: ... N ~v~-'-N\1 
4) Total croea sections and inclusive pro-

ceases. 

3.1. Pure leeton currents: the processes 
v,...e.., v,.....e , v,...,e _, v,..e ' .;::>~e ~ ))e-e 
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3.1.1. "Gargamelle" experiment/42,55/ 

A general feature of the reactions with 

lepton currents is the appearance ot a single 

electon at small angle towards the neutrino. 

In the experiment 3 events were found 

identified with the re,.ction V,... e.. __, V,... e... 

(at kinematic cutoff 0.) G-e.r < r c < J.. G-<ZN 

e t. < 5° ) • The basic sources of the back­

ground are evaluated as follows: 

a) neutral currents with production of ~0 

gave 0.24 events; 

b) inverse ~-decay 

events; 

c) electron neutrino scatteri~ (taking 

into account the expected cross section ~e) 0.12 

events • 

The total background is ( 0, 4 ~ ± 0.1 ?.>) 

events. The probability of imitating of the 

found J events by the background is 1%. 

The authors gave the following value of the 

cross section: 
~1 -Lti. ( to..... ) E I :l. -1. 

G"(v~e) =\0.1 -o.og v~<-. 0 c.m G-w 

During the neutrino exposure one event 

was detected satisfying the accepted selection 

critiria. The limit on the cross section of the 

reaction '))I' e. _., V_.... e. _
4

1. 
~ -i. 

6' (v,.. e) ~ o. 2 (:, E v~'-· iO C,\'n G-ev 
was found. 

The interpretation of both the reactions 

within the Salam-Weinberg model (S-W) gives 

the following bounds: O.i ~ '}Ln.~9w ~ O.Lf 

3.1.2. Aachen-Padova Experimtnt/56 .57/ 

A neutrino detector consisting of 141 

aluminium spark chambers with the dimension~ 

2 x 2 m2 was used in the experiment~~b~rs 
were alternated with iron, working as a muon 

identifier. The weight of the operational effec­

tive volume was 19 T. 

Electrons with energy 0.2\ Ec.< 2 GeV and 

the angle 9e < 5° were detected. As a result: 



)},._ e. : 25 candidates; 11. 8-background; 

13.2;t5.3 effect; V,._t.: 19 candidates; ~9 

background; 16.1:!;4.5 effect. 

After introducing the corrections for the 

kinematic cut off the following values for the 

cross sections have been obtained: 
('-' ( ) -lt-1 -.1 o VI"- e .. (0.24;t0.12) E ,,... 10 e-mz.. G-e-v 

6' (v,.. e.) .. co. 54;t0.17 > E vtt 10 -Llic.-~2. G-ev-i. 

The ratio is <J(v,...e)/SC-V'"e..):::; O.l.jl.t't-0.2.(;,, 

Profeasor Faiesner noticed that the obtained 

values differ more than by 10 standard deviations 

from (V-A) variant of the interaction ).),... ( \J,...) 
with electrons (since for (V-A) variant 

o(v,..evsctJ;.e); 3 ) 
The interpretation in terms of s-w model gives 

the following limitations 
. te 'X.h 111 ) 0.32 for the <;roes section ratio 

..-,.:.."'"ew:o.58:!:0.09 for the both channels. 
....., 

3. 1 • 3. The V~ e. scatteripg 

The group led by Reines has observed the mti­

neutrino scattering on electrons at the "Savannalv 

River" reactor. (Data are presented in the mini­

rapporteur talk by professor Faieenexf571, see 

also /5B/). Data on pure lepton currents are 

given in Table III. 

3.2. Elastic Scatterins on Neutrino and 
Antineutrino on frotons · 

The CIR and HPW experiments were devoted 

to the study of neutrino elastic scattering on 

protons. In HPW experiment they also investiga­

ted antineutrino elastic scattering on protons. 

Both experiment• were performed in the BN1 

beams (maximum of the neutrino energy spectrum 
is 1.2 GeV). 

3. 2. 1. CIR Experiment!59 I 

The detector consisted of 20-25 spark cham­

bers, alternated with the scintillation counters. 

To reduce the most dangerous neutron background 

the detector installed far from the shielding 

and any other big objects that could be neutron 
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source. Neutrino and neutron events were iden­

tified by time of flight (up to the momenta 

1.5 GeV). 

After having scanned 170.000 pictures 92 

candidates for quasi-elastic processes with ~bar­

ged currents ))!'- 11._. 4.- P were found 11-longside 

with 55 candidates for the elastic proceseV~p~v~p 

with neutral currents. The events with proton 

momentum larger than 550 MeV ( ~2.> 0.3 Ge~) and 

the angle above 25° were selected. These selec­

tion <;riteria allowed one to decrease the role 

of nuclear effects and of the background from 

ttp charge exchange. After selection there 

remained 77 candidates for quaeielastic (CC) 

process and 38 candidates for el.etic (NC) pro­

cess. A possible background for the quaeielastic 

process (from Yf'<-N_, ~-i\1'51 is a'bout 2 . 

events according to t~e authors' eeti~ations • 

As for the elastic process there are additional 

sources of the background, connected wit~ neut­

rOns (10 events) and with quaeielaa,ic events 

in which the muon at large angle waa not detected 

(6 events). The total background comes to 19 

events. 

After background subtraction we o'btain: 

~::: G"'(Vt«P""V"'p) =0 13±0.0j· O~<Q-z.< i.~ s c v~<-n ... ft- rJ . , . 
3.2.Z.HPW Experimentf60/ 

The detector consists of containers •it~ li­

quid scintillator CH2that is looked t~ough wtth 

a system of photomultipliers (calorimeter). The 

total number of bloke is 12 ~d 'he wei~ht ia 

33 T. Between the backward blocks there are ins­

talled coordinate detectors i.e., drift chambers. 

The set-up is surrounded by count ere ewi tched into 

anticoincidence mode.The common length is 6.4 m 

(12 nuclear lengths, or 6 radiation lengths). 

The events with one charged t~ck 'being 

completely within the detector are identified. 

The angles and kinematic energy of proton are 

measured, thus the event kinematics is recon~ 

structed very well (CC fit). The protons are 



selecte~ from pions by tbe difference in their 

range. 

The authors point out the advantage of 

the neutl'ino active shielding used in tlbe ex­

periment. The space distribution,for the event 

·Vertex exhibited the smallness of the neutron 

background. The number of candidates tor elastic 

process with neutral current is 30 ev~tnts 

in the neutrino be~ and 22 events in the anti­

. neutrino beam. At the same time they investi­

gated quasiell;lstic scattering )J,., t1. ~ A -p 
""" f" and, )},._ p ~ j<- tt.. • The full flux in the anti-

neutrino exposure was about 2 times larger than 

that> in the neutrino one. The expected back-

ground is presented in the TableiV. The results are: 

R.v::. E;(v,...p-..)lce2 = 0 H.t 0 5" 
6' (v,....t~- ~FP) . • o:~ < Q.'Z.< O.'.H;.e.7 

0 v- 6''c)),..,p..,.iJ,...p) = o. 2. :to. i 
n... -o-c:iJ P..,r-•n.) 

"" (errors are only statistical) 

The results on quasielastic processes with 

charged curr~nts obtained by the authors are 

in agreement wi~h the earlier experiments. In 

the present e;xperiment 6'(VI'tl ... f'-P)/5~0.25;t0.03 
while this ratio is 0.24;!:0,02 from the 7 foot f>~L. 

bubble chamber. experiment. 

The value for RY is also in agreement with 

the CIR results. ijowever it is very important 
')) ~ 

to know both R and R as it will help us to 

cl~rify the space structure current. There are 

23 evl!nts of the \.-;.... p .... v,... p reaction. 

If neutrino currents have haQ. the spl;lce structure 

5, P or pure V then ·with account of the 

ratio of neutrino and antineutrino fluxes, one 

may expect 40 events of VI" P ~VI' P • Still in 

the experiment they have obtained.14 

from this reaction. 

events 

Estimating the ratio of the cross sections 
"' f~r quasielastic reactions ))~ and ))~ with CC 

c~ . 
currents ( MA ;:. 0.9) to be 0.31heywill obtain 

s-(V',..,p .... v,...r) = ~- G'(0',..p~~ ... ~) == o. ~s -1 o.z. 
5(v_,...p ...... v,...P) R"" S'(v,~o.-n'""J<- P) , 

In case of a pu~ly vector version, this 

ratio should be equal to 1. This result .indicates 
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to parity nonconservation in neutral currents. 

As is seen, the multiquark models that give a pure 

vector variant for the neutral currents are 

excluded by this experiment. The models where 

the neutral current is explained by a large elec­

tromagnetic radius v,.. ( vf') have been excluded 

as well. 

When interpreting the results in terms of SW 

model, the authors have obtained: 

Sin2 ew •0.3~:~5 
Data on elastic scattering of V~(V~) 
on protons are given in Ta-le 1V. A theoretical 

analysis of data on the elastic scattering is 

presented in papers/61 •621. 

3.3. Single Pion Production 

Single pion production induced by neutral 

currents were studied by several collaborations. 

Below we report the data presented at the Tbilisi 

conference and at neutrino conference in Aachen. 

3.3.1. "Garsamelle" data /42 ,55/ 

The ratios 

R.:O ~ 6"(v,..p ... yi P~0)+ o(v,..ll ~V,.._I'1.Si112 
o(v,...n. -Jt.~P s-."J 

R. c- G'"( v,... p ... v,..,f'IT 0
) + 6"(v,....tt....,. v,...n. Sf

0

) 

- 2 S'( ))"" p ~ /' +n,.. Sf0
) 

were meas\lred. 

120 thousands pictures were obtained f~r 

each of the beams. In the antineutrino expos\lre 

a booster increasing the intensity of the proton 

beam by a factor of 3 was used. In the neutrino 

beam 367 CC and 137 NC events of single pion 

production were observed, while in the antineutri­

no 212 CC. and 146 NC events, respectively. Taking 

into acco\lnt all the corrections the following 

values were obtained; 

0,1 ( l\,0 <. 0.2 

0.26 <.it"< 0.44 

Single pion production provides information 

about isotopic properties of neutral currents. 



If only the transition A T•O were allowed, the 

ratio of pion yields from the target with the 

same number of protons and neutrons will be: 

sr" ~ ST - ~ Sf... .. 1 : 1 : 1 

The experiment gives: 
51"/ Sf- •1.4,t0.2 for neutrino and 

n/Sl- =2.1;t0.4 for antineutrino. 

Comparing these values with those expected for 

freon 1i"js;- =0.9 one can see that purely 

isoscalar neutral current is experimentally 

excluded. 

3.3.?. Data of the collaboration Aachen­
Padova /63/ 

The ratios were studied with the 

electron ¢etector by the collaboration Aachen­

Padova (see 3.1.2). At the conference in Aachen 

the following values were presented: 
0 

1L =0.4o;to.o6 
-o It .. o.61;t0.10 

At our conference one more ratio is presented: 
o(1)N .. 1>NIT") 

=0.51;t0.12 . 
6'" (lJN~VN)i") 

This resYlt indicates to parity violation in 
o;-o 

neutral currents. The ratio R R. =0. 66;t0.15 

allows one to obtain(Adler et al./64 /) 

sin2 6w=0.4;t0.1 (see also/651). 

3.3.3. Data of CIR/59/ 

The detector used by the collaboration 

is descrioed in sec. 3.2.1. The development 

of 500 thousands of neutrino and 300 thousands 

of antineutrino pictures, gives: 157NC (»). 

22NC(v}, 511CC (V), 35CC(~events of single pion 

production. As a result 

~o .. o.39;t0.18 

These values are in good agreement with "Gar-

gamelle" data. 

3.4. Total Cross Sections and Inclusive 
Processes 

3.4.1. "Gargamelle" data/66,42/ 

A brief discussion of the principles of 

particle identification and neutral current 

events selection criteria from "Gargamelle" 

chamber is given in pape~551. This paper also 

contains the results given below. 

Considering the corrections due to the 

background and to incorrectly identified events, 

one obtains: 
V NC V o"'&-f\ = 6' (>') =O. 25:t_O. 03, R,:.2.(l bo. 56+0. 07 

s-t'(v) 6"6i) -

Taking into account the effects of the 

kinematic cutoff on the basis of a. si.mple par-
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ton model, the authors have 
v 

R.CdVt."' 0.25 :!: 0.04 

ltv = Co'l'Z. 0.39 :!: 0.06 

The results are in agreement with the• S-W model: 

• :t e < ~1\.. W'" 0.31j;0.07 frOID 
..... 

~; 1\.. :t e ...• 0 33+0• 17 (from (I) ) 
~ w • -0.10 

General estimate: 

3.4.2. Data of CITF/67/ 

More than 3 thousands neutrino events 

were obtained including about 500 eveonts in 

antineutrino beam. The kinematic cut was 

Eh., > 12 GeV. The results agree with those of the 

previous collaboration: 

ltv= 0.24 :!: 0.02 

R.?' = 0.34 :!: 0.02 

that in tenns of the S-W mcdel gives:: 
. te 

1{.11. w=0.33;t0.05 

The dichromatic beam allows the distribution 

over hadron energy to be used instead of y-dis-

tribution. Pure S or P variants contJ·adict the 

experimental data. 

3.4.3. HPWF experiment/21,68/ 

v 
The collaboration presented n11w data on R 

and Rv corrected due to higher statistics received 

in a sufficiently pure antineutrino beam. 

The events with Eh..> 4 GeV were regis ted. 

The results of all four exposures are given in 



Table V. Taking into account the selection 

criterion of E~) 4 GeV and assuming that there 

are only V and A variants, the authors receive 

a more appropriate variant for neutral current 

(V-0.8A). Data indicate to parity violation. 

Data on the total cross sections are in 

agreement with the predictions of the Salam­

Weinberg model. 

3.5. Conclusion 

1. Parity violation in neutral currents 

is established. This can be concluded from 

single pion production, the experiments on 

neutrino and antineutrino elastic scattering on 

protons and the total cross section for muon-

less events, The experiment excludes all pure 

S, P, V, A, T variants. 

2. The existence of terms with isotopic 

spin T ~ (from the charge ratio Sl-/)I 0 

in single pion production) was established in 

neutral current. 

3. All data on neutral currents do not con­

trudict the Salam-Weinberg model with value 

sin2 8w =0,370.4. 

4. It is necessary, without keeping any 

model, to make a complete experimental study 

of spacial and isotopic structure of neutral 

currents (like for ~~ -decay). Within V and A 

variants the study of deep inelastic muonless V 
"' and 'V scattering on protor.s and neutrons as 

well as of inclusive channels with the produc­

tion of vector mesonsV(vl~ .. vpllNf ,v(VlN ... v(VlNAand 
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so on (for these reactions in C,C, cur-

·ents see ref, 53!) may appear to be necessary 

at high ener~ies. T sh~uld like t~ mentior. that 

important problems concerning the structure of 

neutral currents may be solved when studying 

nuclear level excitations usinr: the neutrino 
-1o-1-:U 

at low and intermediate energies (since the 

levels of light nuclei are characterized by 

definite values of spin, isospin and parity). 

Uncertainties in nuclear matrix elements can 

HI-!2 

in many cases be eliminated by experimental 

determination of the corresponding matrix ele­

n.ents from electromagnetic t ransi tiona, 

Since the matrix elements are big, the search 

in nuclear transitions for the isoscalar A-v.a-

riant (which is not present in the S-W model) 

seems to be realistic,/72/ 

3.6. Additional remarks: Neutral currents 
in astrophysics 

A great importance of the processes due 

to neutral currents was pointed out by B.Pon-
/73/ ,., 

tecorvo as 1962. 1'he emission of Y)) pairs 

owing to neutral currents is important in cooling 

of neutran stars and so on /74,75/ 

However, the most promising were neutral 

currents in explosions of supernovas. It was 

expected that owing to the coherent effect in 

neutrino scattering on nuclei, for isotopic 

scalar interactionsn6 ' 771 S'"" A'-- the neutri-

no flux from the collapsing iron core of a star 
/78-80,75/ 

may blow off a star's shell • For this purpose 

S-variant of neutral currents may be especially 
/81/ 

favourable. However, the calculations, taking 

into account a selfconsistent development of 

hydrodynamics collapse, showed that in fact, there 
/82/ 

is no such a blowing off of a shell. The explo-

sion of supernova with a simultaneous production 

of a neutronstar may essentially be due to the 

ignition of thermonuclear reaction caused from 

scattering in the shell of a degenerated carbon­

oxygen star/83/. 

4. Neutrino Properties 

4.1. Neutrino mass 

Tee theory of the two-component (longitu­

dinal) neutrino with zero mass was important for 

the discovery of the V-A theory of weak interac­

tions. However, after the V-A theory was estab­

lished, it become unnecessary to consider the 

neutrino be distinct among other leptons (since 



their polari~ation in weak interactions accor-

ding to V-A theory is equal to - 1!', ~ and 

at energies ~e » l'lle does not actually differ 

from -I). Therefore, a more accurate experimen­

tal determiaation of the upper limit on the 

neutrino mass seems to be very important. In 

the paper of IHEP submitted to this conferencele4/ 

the new upper limit on the electron mass neutrino 

is found from the analysis of tritium 

spectrum, which is twice better than the existing 

one. I should like to mention that the experi­

mental upper limit on the muonic neutr~no mass 

, 0 ~ IU M) is: rnv " . lo ,_~ nev 
f(. 

4.2 Quark-Lepton Analogy 

From the experimental evidence of the char­

med particle existence and from the gauge theories 

one may trace a deep analogy between quarks and 

lept 0ns. Historically it is just this analogy that 

made the basis for introducing charmed quark 90 1 
lsee also YI/). A success of the GIM model allows 

one to assume that the mixing of states is exten­

ded to leptons also. Such a viewpoint was develo­

ped by S.H.Bilen'ky and B.pontecorvo92 /(see also 
93

/). The absence of strange changing neutral cur­

rents in the first order in the weak interactions 

and tl•<' h· a;·,pearence in the second nrder ;Jr<' <>own 

, h the· CT!.l mode 1 clue to the fact that "u" quark 

1s :•ss~f'nc~ to a wcnk tlouhlct with the combination 

n0 = dCosec + sSinec, and "c"quark with the ortho­

gonal combination 'e = -dSin e
0 

+ sCos ec. 

•) A better upper limit give cosmological 
data. According to the model of not Univ~rae the 
number of relict neutrino should in order of mag­
nitude be close to the number of relict photons 
with temperature 6;:.3<>k ,i.e. h.>~i03crr1~/85/.0n the 
other ~nd, the Hubble constant and age of the 
Universe give the estimate on the upper limit of 
the energy density (including an "~oblilerved" 
component) P<lo-2s"cm-3 ro-4GeVcm • For the 
upper limit m\) :lt follows m\} cf0 2 ev 
First such an ~etimate was made ~n paper /86/ and 
further in papers /97,88/. Another cosmological 
upper limit for mvu is baaed on the M.A Markov 
idea /89/ that the neutrino with m JtO may be ac­
cumulated in the galaxy cluster anQ determine 
their "hidden" masses (G.Marx). 

/92,93/ 
According to an analogous situation may 

occur for leptons alao:a~ electron can be 

assigned to a weak doublet with the combination 

))e.=. )}1..(.cr)6 + ))2. -'li.n8 and muon with the ortho-

1 . t . )} - _ vi. ~ ... e + )Jl. Cf:f) e gona comb~na ~on ~-

(where V1. and V.t are the four-component 

particles with definite masses mi. • Yl12. ). 

With such a structure of weak lepton doublets 

the "asymmetric" neutral currents (for instence 

fL ~ e + b etc>. are induced by higher 

orders of perturbation theory and are very 

small/ 941. The mixing of states results in 

oscillations in neutrino beams reminding the 

oscillations K 0 ~ K0 
in neutral kaon 

beams. For instance at sufficiently large dis• 

tances from the muon neutrino source there may 

appear tne elect~n neutrino, The oscillation 

L _ l.frr p 
length in tnis case is equal to - ;m,~-mt\ 

(where p is the neutrino momentum). Prom the 

experimental data the authors/95 I estimate 

I m!.- rnl. \~ ieV. Thus, the upper limit 

m v._ <. ~ 5 w in this scheme is simultaJ;Jeously 

that on the value of mass rnv,.._ 

4.3. Neutrino oscillations 

The study of possible osctllationa in 

neutrino beams gives an extremely sensitive 

method of investigation of the neutrino nature. 

Depending on mixin~ of ~ifferent neutrinos, 

lepton charge violation an4 the existence of 

other types of neutrinos (besidfi!S Ve, )),.._ 
different types of oscillations may occur/96 •97/ 

The sensitivity of the method is due to 

the fact that the oscillation effects are pro-. 

portional to the transition amplitudes (not to 

their squares). 

•) The possibility of oscillations in 
neutrino beams was discussed long ago/9S I (the 
first detailed theory was presented by V.N.Gri­
bov ~~ond B.M.Pontecorvo/99 /).' 
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ExPerimen~al sear~h for neutrino oscilla­

tions seems to ~e realistic for all known 

neutrino sources (reactors, accelerators) and 

by est:l,~tes/95 I may provide upper limits for 

I m,- I'Yl;z.. I of order of 10- 1
-;. 10-~ e..v. 

A still more sensitive method which can provide 

'""' the lim:!. t 1m,- m:, !<lOti is detection of a flux of 

solar neutrines. Por this purpose the Cra.- G-e 
method is ver,y perspective allowing detection 

of neutrino from the reaction p p "'""Be-'"ve /100~ 
The intensive of neutrino from the hydrogen 

reaction is related to luminosity of the sun 

and may be calculated with high accuracy (of 

course, if a possible ~yclic decrease in yield 

of thermonuoleon reaction on the sun during 

the time of order of 106 Years is not taken 

into account). Prom the experiments of Davis/1~¥ 
though the registe~ed signal is lower than the 

exl:lected one, one car.not mal<e any definite con­

clusions on neutrino oscillations since the 

expected intensily of detected neutrino depends 

on solar models and is not known with sufficient 

accuracy. 

Concludins Remarks 

I. It is obvious that new particles decaying 

in the weak interaction are detected in the n~n.l.t­

rino experiments. A strong correlation of two­

lepton events with strange particles is in good 

agreement with the production and decay of charmed 

particles in the GI~ model. 

z. The nature of scaling creaking is still 

unclear. If it is due to strong interactions, 

the observed phenomena also not contradict the 

minimal GD! model. l!'or its explanation one does 

not need to introduce many-quark schemes and 

right-handed currents. However, the existing data 

do not exc1ude an opposite viewpoint, 

3. It was found that the neutrino inte­

ractions with neutral currents Violate the spa­

tial par.lty and contain the terms with 

AT~ i. • On the whole these interactions 
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do not contradict the predictions of the s.w . ~ . 
model with 1<-IL 8w ""0. ~-;- O.Lj • For further in-

vestigation of neutral currents it is impor­

tant to observe the effects of parity non-

conservation in atomic tran~:~i tions .• 

4. Using the data from the colliding e'et 
beams indicating the existence of heavy leptons, 

one should expect the complication of the sim­

plest models and search for new phenomena in 

neutrino interactions. In this connection the 

experiments of the type "Beam dump" and obser­

vations of neutrino oscillations may be im­

portant. 
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&"!OMALOUS L:ZPrON PRODUCTION IN COLLISIONS 
OF HADRONS 

A. Staude 

University of Munich, FRG 

Introduction 

Direct (or prompt) leptons are those lep­

tons which are produced within experimental 

resolution at the interaction point conventio­

nally excluding ~-eptons from residual decays 

of long-lived parents (kaons, hyperons) or 

Dali tz-decays. ~.·:hether these leptons are "ano­

malous" depends on whether their sources are 

of conventional or of novel type. 

In this report a brief survey of the avai­

lable data on direct leptons is g.iven. Contri­

butions from electro~agnetic and weak decays ~ill 

be discussed. Unless stated otherwise units 

of energy and momentum are always in GeV and 

GeV/c. 

Published results or results presented 

by other speakers have been treated very briefly. 

For details see the oribinal papers, ~ef,/1/ or 

·the in vi ted talks. 

8151 

Survey of available data on direct leptons 

~) Leptons with large transverse momenta and 

large C!.1-angles: 

a) C:l:llli-Columbia-Rockefeller-Saclal21 

( <::!:' r:J' = 90°, FJ..."o-6-S:o Js=2.J-6.Z., ). The 

data, shovm in Fig. 1 for fS = SJ., , suggest an 

increase of ~ 111:: with l'S' • At medium f-.L 

.~ R· SJ 5•V 

6 • CC:"-S e••to• 
• AC:.HMNk e••.ao• 

0.1 

:Fig. 1. 

ej~ at JS=52GeV, ref. 2,7. 

(1.)-1.6) electrons are more frequent( e+je~= 

;;;-_ 0. t 9 "!: 0. 12.. ) • 

b) Chicago-Princeton/3/ ( M:!: fi)"": 90° 
,I . > ) 

pJ.. =1.s--s.s, Is':: 2J,Hl:~f"/7i: =).1;to.Z)1o-~, 

no variation with target material ( Be, Cv.., W) 

or lepton charge, Preliminary new data at /S'i:'J..l-

) 
-y 

show a rise with p _J. [,~«/JC =(f. 3 :':. 0. f5' 10 a.f 

p_~..=3, )'1/r.:. (~.J:to.z)to-'f a:t f'-'- :::5' J 
/4/ ± + n• 90o c) C:olumbia-FNAL (e 
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pJ.. =1. 8 -'i. 0, IS =n.l : Measurements on Be for e.:!:. 

I 
-v 

and Ji=- show no difference [e 1l =-(o.8tO.l)to , 

.f" I Jt :. ( 1. 0 "!: 0 . .Z) 10 -'f] . 

d) Chicago-Harvard-Pennsylvania-W iscon­

sin/5/ ( )"!:., e"='IS•-g5·,p.J..=f.O-.Z.l, IS=tO-.ZO ): 

Measurements with a low r target (mainly C ) 

show no energy dependence (see Fig.4), 
16/ + co" o "'9 o e) :.Ioscow-SerpukhoV' ( )'1-, "" = 5"9 - " , 

p_~.. =f. 9 -3.l , .f5'::. 3. o -11. s- ) : Two methods 

have been used. Both agree only if )'1 ... /.M- ~ 1. 2-

[;'-~"/,;-t-=1.lO:':.O.f0 at fS=t1.S', 

;-1 /;"'-:::. 1. zz ±o. f{, at R :: 9. + • The ratio 

/'/'A shows a clear threshold effect between 

8.0 and 11.5 (see Fig.4) and it does not change 

with target material (Be, Cu.) nor p-1.. • 


