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Introduction

There have been already so many talks and discussions
at our conference that it is really difficult for me to
make a summary Notice that most . of the talkshad a re- v
view character.This makes my task even more dlfflcult And
then it occured to me that when I will be back in Dubna )
my friends will>ask)me;.how about the conference in Hunga-
ry? I will have to answer them and give my impressions. :

so I decided that right now I would tell you what I will

teil’the people’in Dubna in a few days. Of course, one has"'

" to use some subjective cr1ter1a for selecting among the

papers and the comments in the discussion. Now I wish to”’
"emphasize that the omission in my summary of communlcatlﬁ_y
ons presented here does not mean in any way that they’dc
not deserve being mentioned - The fauit for the omission,
must be traced to the criteria I used:

First, there will be an unmlstakable experimental

bias in my summary. . ’ '

' " Secondly, I am going to spend little time on prob-
lems about which there are no new experimental data, even

if they are very important. This seems reasonable Since;z"*



such probiems, as-a rule, have been treated'recéntiy in
~review papers. Thus I neither will talk about "second
class" currents, which were dlscussed in the interesting
talk of Dr._P1etschmann, nor about muon physics, which
jwas treated by Telegdi in a beautiful lecture rich of
"first class" jokes. ' v . ‘ ‘
Thirdly I am going to talk mainly”about ambitious and

‘<difficult investigations in which somebody tries very
hard to find.and measure something,but does not see any-
thing.You certainlyfhave noticed that at our'conference‘f*
most of the experiments has such’ character Search exper1~
ments usually give results which very 1mproperly are
called negatlve". At the conference there were presented
brllllant and brave experlments, yielding Very low up-
per limits, the s1gn1flcance of the results being very
great . However, the fact remains that results are present=
ed not in terms of a measured quantlty being equal to
a certaln value but through the < sign. I must say that
this is becomlng more and more frequent, and that is one
of the reasons why life is much harder for people doing
experiments than for theoret1c1ans.

Thus our conference, at least the first half of it,
is an "inequality" meeting,‘where new effects were sear-
ched for at an incredible sen51t1V1ty level On the ba-
':51s of this "inequality" principle I am led to make the
follow1ng classification of the materlal in the summary:
1) The K, -2 puzzle (plenty of 1nequa11t1es)

2) Solar neutrinos (upper- 11m1t)



3) Lepton charge cohserVatioh (upper limits) _
~ 4) "Stable" heavy leptons ("negatlve" results)
5) Antineutrino electron scatterlng, reactor4-elect-
‘rqnics (upper limit)
6) Neutral currents, accelerators + bubble chambers

(upper limits).

The Kp-pt+p~ puzzle

The Oakes report and its discuséion were terminated
~only a few mlnutes ago, so that it would be tiresome for
you if I were now cont1nu1ng to talk in detail about the
KL'*2# puzzle.

When correctlng the magnetophone tape, however, I
dec1ded that I had to write something on the puzzle;
mainly in order to mentlon such points in the dlscuselon
which were not known, at least to me, ‘before our confe-
rence. | -

As is well known, the puzzle consists in the follow-
ing (see also the extensive review paper of Dolgov,.Okun

and Zakarov, ITEP, No. 924): according to experiments

TK, »% ~ -4

- _ = (5z1).10 °, (1
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Theoretically one can obtain the folloWihg lower limit:
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From (3) and (1) one gets

(E’:-fﬁ_) . > (6.0 +1.2).10 ~°

r KL —all  exp.theor.

~in contradiction with (2).
| " As you know, the puzzle is a serious thing. The = .
reason is that the theoretical bound (3) is quite reliél
able: one calculates only the imaginary part of the am- -
‘plltude, whlch arises from transitions on the mass shell-

K- .intermediate real states - 2u; the real part of the .
amplitude can only increase the probabllity_transition
‘and'this is why you get a lower limit of the rate. The
‘two photon intermediate state, which has been observed
‘experlmentally, should dominate the imaginary part of the
tampl;tude,because other states have much less space
phase. ‘ v ‘ ‘

- In the discussion Marschak (as well as Okun and
collaborators in the quoted paper) reminded us that fre-
quently in the past puzzles arose from wrong experiments.
However, as Telegdi has empha51zed the best experts
think now.that the experimental results (1) and (2) are
correct. If the experiments are right, the puzzle must be

solved. Many theoretical proposals have been made in.

."whlch some kind of cancellatlon of the 2y imaginary partv

of the amplitude is invented "ad hoc ". Most of these



proposals (Violation of CPT invariance,-V1;lation of uni~ "

tarity of the s-matrix, introduction of new particles
w1th "necessary" properties) are neither attractive nor
plaus1ble, 1n the opinion of many phys1c1sts. o

As you know, Christ and Lee, instead, made a pro-

'posal which is quite attractive. They note that because

of the usual (small) CP violation, K =K, +¢K, (with the
usual notations) To suppress the K +21  decay’ these
authors ‘assume that the necessary cancellation is due
to the Klealldecay._since ¢ is small, ‘the K; -2 ampli—
tude must be much larger than the K2ahlamplitude; in

addition in the Kpa2y decays there must be a strong CP =

violation, in order that the final states in K,

and K,-2p . may- interfere to cancel ‘the two photOn con-

tribution. The - ana1y51s by.Oakes of various theoretical

bounds and experimental limits has shown that an expe-

riment designed to detect the Ksa2p decay if 1ts rela-.

FKS v ]
FKS - all .
either confirm or-enclude definitely the Christ and Lee

tive probability | is largef than 10”7 would

schema.
Now we heard at the conference that several expe-‘
riments are "being performed at present to detect the

K azy'decay at the necessary sensitivity level Accord-

‘ing to an 1nformation of Telegdi one of these . (at CERN)

has already given one good K »2# decay candidate., Si-

milar experiments will be performed at the Argonne ‘Labo-
ratory and within a year there should be a definite ans-

wer. It was also very interesting to hear from Telegdi .

-



that an’ experlment designed to detect the K a%i decay
1f 1ts relatlve probablllty is larger than 2. lO =10:. is.
be1ng prepared by the Croning group. This 1s an order of
; magnltude below the previous result (2) ‘of Clark et al.

Now two words about a comment by Marschak. Since
he will give his full talk later at this conference, I .
~w1ll not go into the real bu51ness now, 11m1t1ng ‘myself
'to few remarks. The work of Marschak and collaborators
onrthe "strong cubic 1ntermed1ate vector boson" model is
not new (1969), but it seems that 1ts relevance for the T
KL*%L' puzzle was not generally recognlzed and became
clear only at our conference. I would say that the propo- -
sed theory is in fact a model of the phenomenologlcal
“Christ and Lee proposal. In this sense even if the model
 does not appear to some people on estetical grounds, it
is certalnly of great 1nterest,‘51nce 1t is not an "ad
’~hoc" proposal, and " required" the Christ and Lee schema
‘even before the K, -2 puzzle exploded' Other”good things
of the model, in my opinion, are: first, the fact that |
the well known "weak" CP violation is a consequence of
the theory, where ba51cally there are strong CP. V1olat1~
ons, and secondly, the predictions of gross CP viola-
tions in the production of 1ntermed1ate bosons, and in

+ _+

various processes, such as KY on e'e”, K ontptp~ and,

of course, K% .2p .



Solar Neutrinos

l) The Brookhaven experlment

Now . I am g01ng to talk on solar,neutrinos and I will'
spend more time on this problemvthan on any other prob4
lem. Of course I will. start with the famous Brookhaven
National Laboratory experiment. This is a brave experi-

ment of Davis et al;'and'I‘wohld say it is one of the
'few experiments which are being performed.withbut compe=~
tition. The same can be said of the Reines exéerimenﬁ"oh
Se_e . scatterlng with reactor antlneutrlnos, about |
which I w1ll talk later. Suppose that Davis were feellng .
“like going in vacation for a few years. there is no the-
slightest risk that somebody else would perform ‘an analo-
gous experiment in -the meantlme' |
- I will say a few words to convay to the theoretl—

cians the difficulty and the scale of this experiment.
Deep undergreuﬁd;thereAis a mass'qf,abouﬁ 600 tons of *
c,cr, . If events of the reaction:

. 37 37 -
v +CI' > A +e
e

are originated_within such "swimming pool““by'solar neut-
"r;nes, you get a few 477 atoms. This is akradioactive
noble gas and it is possible to extract these.few_atoms
from the tremendous amount of C,C, with a small amount
of argon earrier:and‘by He purging. The argon fraction is
then separated again from the large helium one and is in-

troduced;inside,a'small,proportional counter, in which



one measures the characteristic energy emitted 1n the ,

K capture decay of A7, 1If you understand the difficulty
1n~pushing the effective background of the counter down
to about one count per month, then you will_realize'how
acrobatic this experiment is. |

My impression is that the necessary checks were
ﬂdone'carefully and, as a person who has been working
quite a lot with proportional counters, partially in or-
—der,to,prepare‘an experiment similar to the one which
" Davis is doing, I am very impressed by the improvementw
‘in the counter used-at Brookhaven. _ o

The improvement is due to the fact that, in order
tO'decrease the effective background, also the pulse‘time
of rise is measured (in addition to the pulse ampiitude
»spectrum), This gives a substantial rejection factor for
pulses originated by (background) particles, which in-
side the counter are less localized than the Auger elect-

rons from K capture in 4%’

Here are the results: '
the 4%7 production rate is 0.18+0.10 eventS/day. In
part this rate is due to the muon background (muons pro-
duce protons which produce-M37 via the reactionCﬁ7(snﬂfﬁ
This background, partially measured and partially calcu-
lated (see the talk of Young) is 0.12+0.04 events/day.
The difference is 0. 06+0.14 (it is safe to- add the er-
‘rors).. _

Thus solar neutrinos have not yet been detected.

The capture rate of solar neutrinos in the detector is

10



less than one in five days (70%'conf1dence level) ThlS
corresponds to a rate s 10“36 sec—1 (¢’ atom) -1 =1 SNU
(solar neutrino un1ty, accord1ng to a convenient notatlon'
‘of Bancall). |
There are two astrophysical conclusions which can

be made with reasonable certainty. As 1t will be seen
below, the Brookhaven detector is due to high enerqgy
neutrinos from - (very few but very effective) Sog

the first.conclusion.made by Dav1s is that the Sun emits
much less B? neutrinos than expected. The other conclu-~
sion is that. the C-N cycle is of little importance in the
Sun, since otherwise the¢4 counting rate should be much

‘higher.

2) Interpretation

The interpretation of the Brookhaven experiment was
given at the conference by Bahcall.

The thermo-nuclear reactions of the hydrogen cycle’
in the Sun are shown below together with their expected

"relative percentage.

Hip,ety) e - @é,2p)He (- 86%)
(99.75%) ‘
‘ 'H2(p y)'H03 : ’ - 7 4
o At “ (> v)Li (paHe” (~14%)
Hi(e pv) J (a,)Be { '
S SR ¢ ‘ (p,y)B »v+e” +B
- (0.25%) | ’_f_,
PN ‘He +He
(=0.02% )

Fig. 1
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~In the follow1ng table, presented by Bahcall 1n hlS in-.

iterestlng talk, are glven the” expected capture rates due
:lto neutrinos produced by dlfferent nuclear reactlons
in the Sun, and expressed in SNU. . . : -

You will see the serious d1screpancy already men—'

' tloned between the measured rate and the’ theoretlcal ex—
pectation,‘whlch is the sum of all the .contributions in
the table (a ‘possible small contrlbutlon from the C-N

cycle is not 1ncluded)

Neutrino o Maximum kJ‘ Ekpected capturew
_source o neutrino energy = ‘rate ‘in the Cl-A de=
: . - (MeV) - _tector  (SNU)-
'H?('p,e+V)H2 ,0.42 -0
H’@‘mpunz' 1.44 - (monoenergetic) 0.26+0. 03
B 0.86 (90%) (both mo~ 1.0+0.2°

0.38 (10%) noenergetlc)

8 141 e et g ey

Is tbe discrepahcy serious enough to. force .us to draw
revolutionary conclusions about the Sun’or\about the
neutrino properties? My opinion is: no. Let us look . at
‘the table. Most ofbthe<expectede37 rate is due to B®
neutrinos, which represent a very small_fractién of the
total number (Bs>neutrinos are_uery energetic and con-
sequently very effective) . The reactions leadiug to the
production of Bs‘are,quite‘unimportant from the_pcint

_ of view of the structure .of the Sun. The'A37 rate due

12



'vto neutr1nos was calculated by us1ng currently accept-

ed solar parameters- well, astrophyslcists will have to

~change these parameters, and the Sun will. nevertheless

shine as before, serlously speaking, I mean that the
Sun w1th new parameters will not substantlally differ from
what we think 1t is now. For the t1me be1ng there is no
astrophysical tragedy. ‘the Brookhaven result 1s,very im-
portant; since'it will help to change the current solar
parameters in the right direction. I think that thisfis‘
not far.- from the opinion of Bahcall, although may be

I am more conservatlve than he is.

» After the Bahcall lecture there has been a comment‘
by_Chudakov. He sa1d that in Moscow Kopysov and Fetisov
suggested that'maybebthe'low flux of solar B8 and-Bei
neutr1nos is due to the ex1stence of a resonance in Be’:
the ex1stence of a resonant Be®" state will decrease»
the concentratlon of He‘, and consequantly of Be’ } whlch

arises in the He’ (a,y )Be” reaction, and of course_ofBB

~(see Fig. 1).

I thlnk that thlS p0551b111ty is rather unllkely,
since the resonance must be at the needed energy, but the
proposal’ 1s very 1nterest1ng and reasonable. After the
comment was dellvered Chudakov found out that thlS sug-
gestlon had already been made by Fowler and asked me to

apologlze for h1m. he Just did not know about the Fowler

. work Anyway . the suggestlon is an 1nstruct1ve example

of "what might be true": the Sun structure practlcally
would not change, while the flux of B’ and 38 neutrinos

would substantially decrease.

13



- Now if we lOOk"at the remaining (other thaanB‘)’
contributions in the Table,.you w1ll see that the1r sum_
1s ‘not in serious disagreement with the result of Dav1s‘
(< 1 SNU, 70% confidence) Thus I repeat the conclu51on.'
there 1s no reason to think that the Sun 1s substantially:
d1fferent from what we believe it to be and, even more

bemphatically, there are no reasons to believe that thev

neutrinos have very exotic properties.,

3) The Future

Now let us see how ‘the future looks like. Prof
Davis is going to get very 1nterest1ng results in the, ,
hnear future using his improved counter and probably w1ll
either detect solar neutrinos or get to the limit his ex~-
‘periment -permits (~ 0.5 SNU at the given depth undergro—'
' nd) As Bahcall pointed out, if you get a sensitivity
of - 0.3 SNU and you still do not see neutrinos. you re-
ally have got something very exotic. This is so because
the expected: rate for pep neutrinos (~ 0.3 SNU) 1s ‘known .
»quite well. As a matter of fact the total flux of solar
neutrinos is obta1ned d1rectly from the Sun 1um1n051ty
and from the ‘basic fact that there are 11berated ~25 MeV
energy, when 4 protons are transformed into one a par—
“ticle + 26" +2v, Unfortunately itis not a: 51mple matter.
to .reach the sens1t1v1ty 0.3 SNU, espec1ally at a depth
of "only" 4300 m H2 - eq., where now 1s ‘located the

Brookhaven detector.

14



What to do 1n the future? Prof. Dav1s told us about
‘a very 1mportant new detector of solar neutrinos which.
he is. developing. it is a Li compound from which it is
.pos51ble to extract chemically a volatile compound OfBe,
,which can be 1ntroduced ‘into a counter..This is the be-
ginning of a promising development, since the reaction
v, Hu,‘ )Be - is capable of detecting pep neutrinos.
Now the more remote future of solar neutrino astro-_
,nomy, in my opinion, is connected with the development a
of huge liquid or solid (noble gas?) electronic detec-
tors,rcapable of giving some information on the. energy
and the direction of the detected neutrino._But I w1ll

not elaborate: on: that.

4) Exotics )

If neutrinos will be missing at . the level expected
for the H?pe wH? or Hﬂpe ,v)H? . reactions one has
to invent something more or less extraordinary. Conse—
quently exotics 1s useful since it makes.us ready: for
the worse.‘The danger arises if you believe ‘really. 1n"
,extraordinary things even before you are forced into
exotic by hard facts. There were several exotic sugges—
tions at our conference.g p

In thlS work Lande suggested the neutrinos may not
‘be here now, but in the past they were, because the Sun
~maybe is. pulsating. He than discussed the relation bet-
ween.: the neutrino history of the Sun and the thermal ‘his~ -

tory of. the earth ("neutrino archeology") ,

15



)

Bahcall Cabibbo and  Yahil said. 1f neutrinos are"‘
,m1331ng, maybe they decay on- their’ way from the Sun to the
earth It is a s1mple explanation, if explanations are
‘needed. Such a speculation, as it turned out, has been’
~already‘useful inasmuch as it stimulated an’eﬁperiment-'
if the neutrino with mass+# 0 decays into another particle
v’ neutrino-like w1th zero mass + a photon, one can try
to detect the photons near a working reactor. During the
discussion Reines told us that he has performed such ex~
-periment.'For.the particular decay.Z_»uf+)/' it was found

3 astronomic

that the v, decay path is larger than 10
units Again an inequality' One can ask: why do you need
such experiment? my opinion is that any correct,experi—.
‘mental measurement is always a very respectable thing.

The exotics is useful;

‘Let me say a few words about the problem of neutri-
no oscillatiOns, about which there was1quite a‘lot.of
discussions at our conference. Oscillations were propo-
sed and studied in Dubna, Moscow and Leningrad because
fthey'give,a very sensitive method for investigating
the question about possible lepton charge violations and
the neutrino mass problem. The relevance of the osc111a—
- tions to the 1nterpretation of future solar neutrino ex—'
periments was 1mmediate1y.recogn1zed, but I wish to empha-
size that the oscillations wereinot'invented "a posterio-~-
ri" to solve the "missing neutrino puzzle". - | .

It is argued that lepton charge nonconservation ~and‘

a finite value of the neutrino mass may lead to oscilla-

16



tions of the‘type Vo 2Vy s1m11ar to the K Ro

e <
oscillations in kaon physics. Other types of osc111ations
5( vz J ., etc.) can be ruled out if in nature exist on-
lly 4 neutrino states.

Since the 'problem of neutrino osc1llations was dis-
;cussed in detail in my report at the 1970 Kiev Conference,
- I w111 not ‘elaborate furthermore and only :state some re-

V sults-' ' T

h ‘-l;“The presence of oscillations will decrease by

o a factor 2 the number of neutrino detectable in a solar
:experiment (since half of neutrinos are sterile) Only
‘under spec1al exotic conditions or in very sofisticated
‘"and remote experiments-can the "decrease factor" may be-

come >2. ' : ST T ' Lo

2. The existence or absence of osc1llations .could
be established in Various ways, the simplest: method :
‘being ‘the comparison ‘of: the measured and expected cap—
vture rates of solar neutrinos from ‘the pp or pep -reac-
tions. As far as the problem of the neutrino mass is con~
concerned, the" os01llations are observable 1f the mass dif--
errence of the two Majorana neutrinos which enter the
‘theory is larger “than lO eV, This method is several
fmillions of .times more sensitive than.the ordinary one
- of measuring the neutrino mass (sensitive to mass values
‘larger.than h~i0 eV, in the:most‘favourable case of the
tritium decaY).‘The;physical reasonSTWhy the method,is“

so sensitive~are a) the. possibility of measuring an-am- .
vplitude (and not a squared amplitude) and b) the huge d154

[

_Lances which characterise the solar system.

17



Lepton Charge Conservation
‘1) Double B decay
There was a very interesting review of the subject

by Fiorini who presented also a beautiful experiment,

done under the Mount Blanc, searching for the process
76

“~‘Ge -e” + e +Se . A Ge(Li) crystal (~170 cm3,~ 400 gr)

was used both as a source- -and as a detector. The pulse
amplitude spectrum is measured w1th high resolution and -
one looks in the region around 2. 045 MeV, which is the
- expected sum of the energies of the two electrons in
the process looked for. No peak appeared at 2 045 MeV,,
where the background count . was only 2 (keV) =1 in 1000
hours. In other energy reglons you. see lots of peaks due
“to,very minute impuritles of natural redioactiverele—
ments,\Soyyou are confident that the'experimental arran—g
gement is working properly.'The experiment is ‘absolutely
_convincing and gives as a result another inequality for
. the double 8 decay of Ge : : _
» 4.5.1021 years (68% confe-
' dence level).

T,

The lepton charge violating amplitude is3at‘most
one percent of the lepton charge conserving amplitude.
Similar results were obtained previoualy by different
techniques in the search of neutrinoless double 8 de-

cay of ca 8, “Se 82 ‘ Te?30

18



2) Search for the pt seTry y+;e*+éﬁe'processes
Concerning the muon charge violation, I am going to "
report now on ‘the work of the group of Korenchenko, who
rat;the Dubna»synehrocyclotron looked for the mehtioned
. processes. They use a cylindrical spark chamber magnetic
(9200 ~ 4500 Oersted) spectrometer to analyse the muon.
" decay products (see the Table: below) . ‘
o As for-the‘u-oeyv process, the accuracy of the re-_‘
sult is comparable with the one obtalned prevlously-by
differeht methods. But it may be of interest to you thet A
Korenchenko is planning now a search forbthey~+ey - pro-~
cess, where a branching ratio 10“10 should be measurable'
after the accelerator reConstruction is'completed.‘As

for the u-3e process=- the result

Searched . Number of = Number of Regi- [ couTunart
. for process + stop- . - .photo- stration (90 %
: ped in . graphs effici- confi-
target : ency . dence)
ut ety 6.10° 2.5.10° 1.35% <2. 9.10 -8
pt aetiet se” 5.9.101%  6.0.10° 3.0 % <3.2. 10 =9

“is ~40>times better.than the best previous one. It is
seen that the muoh—charge violating amplitude can hardly
be greater than 1% of the normal ampiitude. The results
.are comparable in accuracy with those obtained in the
double pB-decay investigations, but of course not only
the processes but also the lepton charges, which are in--

vestigated, are different.

19



‘3)vMultiplicativevlepton charge?

I would like to mention somethihg new I heard at
our conference eh'the.question as to whether one of the
.leptcn charges is a multiplicative uumber.'As'you know,
kseveral proposals for experiments on this‘point‘Were made
long‘ago and‘I’will,not mention them here. ‘ ,

Now;the-lHEPéITEP.COllaboration (Arbuzov et al.)

proposed recently for the NAL,program to search for the

~

ureaction.:% +e" »p +v_, , which, if observed in a large.

bubble chamber, would directly prove the existence of
a multiplicative lepton number. At BataVia the Wl ener-
gy .is more than sufficient and the proposal, in my opi-
‘nion, is the best for the solution of the multiplicative
lepton charge problem.

Talking of the multiplicative lepton charge, I would

like to mention.alsc a comment made by Filippov for the.
" benefit of experimentalists. He will talk later about
his model of a "four dimensional symmetry with multipli44
cative 1epton'charge" (whatever that means), but has
already presented in the discussion the predictions of -
~his model, which are:
(17 +e-->;7 +e_)

o T
1) a(vﬂ +e v +p )—7 v
2) 0(";1 +e'—>ve+;f')=%- V—/{V +e av, + 1)

- " )= - ——1- ' ’ s »
3) \a(ve +eT oy te )_a(v#+e v#+e )..2 UV—A(Ve +e v te )
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4) Theory

Prof Marx .gave .an 1nteresting review of the subject‘
‘and I am unable now to.go into it. I would like to men-
tion, however, that in hlS talk he proposed a decrease_
w1th time of the strength of the CP violating interaction.v
Irrespective of the arguments given by Marx, the 1dea
‘seems to me 1nterest1ng, the possible change in time of
constants was discussed before, but the CP v1olat1ng con-
‘stant seems to me an attractlve candidate for the follow-
ging reasons: if nature worked that way, which is of course.
highly 1mprobable a priori, the big bang approachtwould
easily give-the-asymmetry between matter and-antimatter
-even if the barion‘number in the Universe is equal to
~zero (and without the need of 1nvent1ng new particles,

as it was done 1n the papers of Zakharov and Kuzmin) .

Stable Heavy Leptons’

' In the report of Gershtein on work done at Serpukhov
by the Landsberg group there was discussed an experiment
de51gned to detect heavy,‘stable (r'>10 =9 sec), charged

"leptons. These objects, with charge + are supposed to be
very 51m11ar to muons,” hey ‘are not 1nteracting, so they

vcan be detected as muons usually are. The cross section
:for their pair production in collision of protons with
nuclei is supposed to be due only to their electric char-
ge, and can be calculated on the basis of the Lederman -

. experiment on production of muon pairs by protons. Such



_charged heavy leptons were looked for but not seen at Ser-
rtpukhov. A‘comparison With the theoreticelﬁexpectation,‘.
normallzed to the muon pair productlon data, permlts to
'draw the following def1n1te concluslon. there are no
‘"stable" heavy 1eptons with masses in the 1nterva1 1~

3. 5 GeV. The reason why you get a deflnlte statement is
‘that a production rate of heavy leptons equal to the
expected one (normalized to muon pair productlon) cou1d

‘have been measured easlly 1f such object existed.

Neutrino Scattering

Now I will turn to the subject of -neutrino scatter—L_
ing, that is neutrino lepton and neutrino'nucleon scat-
tering. I must say that the Weinberg’sftheoryihas‘a very
progressive.influence on the work. We are now seeing
a sort of renaissance of the weak interaction physics
and this, to a definite degree, is due to his theory.

I heard that at the Tashkent’s Conference Pais qualified
Weinberg’s work as "strategy". I like thiswdefinition.
The old problem of neutral currents 1s now 1nvest1gated
Xexperimentally on a very wide scale with the he1p of.
reactor and accelerator faclllties, and most experiments
are being interpreted in terms of Weinberg's theory. . '
Certain experiments, for example the search for nt-e‘
scattering (at least with.electronics methods) would
probably not be considered without the new theoretical

-encouragement. Now such experiment is one of the first
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on the list at pion factories and is being performed now
_in large bubble chambers.
r l)uAntineutrinOQelectron scattering (reactorf+felectroniCS)

The experiment, being conducted by Reines and colla-
borators with the help of a large reactor, occupies a’
central place in- our conference. Reines has been working
on the problem for more than ten years. The investiga—’
tion is very difficult and, as I said before, the expe-.
r1mental arrangement is a monopoly. of Reines. Why the ex-
per1ment is so difficult? An elastic colllsion between
De; and e~ at reactor energy is an event w1thout a very
characteristlc 51gnature, and is 1m1tated ea51ly by back-

ground for example, by.a Compton electron generated by

y's from radloactlve 1mpur1t1es, etc. 'So the fight aga1nst o

background is the main problem and is made by clever and -
complicated methods, wh1ch I cannot describe now. The’ de-
tector 1tself is a. ~ 8 kg plastlc sc1ntillator, wh1ch
sounds very simple but it is not. In order that you may— d
be appreciate the difficulties, I remind you that the
counting”rate for the eventS‘of interest, that is for -
‘events which could be ‘electron recoils with energy
> 3.5 MeV in the reaction‘"f;ev+e"-u7e +e” P is‘about one
a day' This is the rate with the reactor on as well as
- with the reactor off, that is here aga1n it was not pos-!~'
51ble to see what one has’ looking for. o
The upper “1imit of “the cross section T oxp for the

'“process ’J‘ fe= »p +e— .-. with flssion v, 1is found to

e e
be
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wp<l7 @y_s  (70%conf. level)

rHere'aV 4 is the expected cross section accord1ng to
~the V-a. predlctlon (only charged currents) and the V-A
spectrum of electron rec01ls was assumed when calculat—
1ng the fractlon of electrons with energy > 3.5 MeV.

Now 1n the Welnberg s theory the presence of neutral
currents, to an extent dependlng upon - the parameter %76,

changes the V~A prediction; the results of Reines glve

© already. some constraints on the Weinberg’s parameter.

This was also discussed in the report of Baltay.

‘We:heard from Reines that he has been recently
improving the experimental arrangement) doubling the
.mass of plastic scintillator without any increase of the
background.'He feels'confident that within a year he
‘could "see" the scattering events if o,.>1/30,_,

Let us wish him success.

2) Neutrino Electron and Neutrino Nucleon Scattering.

Neutral currents (Accelerator + Bubble chamber)

We- heard yesterday in the talk ot Pu111a (the data
' were obtalned at CERN in the "heavy" bubble chamber Gar-
‘'gamelle exposed to ﬂl andlm ) and in the~talk.of Bal-
tay ( a critical and'instructiVe review of all the data)
" about the state of the search for neutral currents in
A —e” and n‘-N scattering and also in other proces-
ses. Work 1s being done on.a very wide front; suff1c1ent
to say that only at CERN the number of neutrino events

- obtained with Gargamelle is at least an order of magni-
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tude greater than all the world. pregargamelle statlstlcs,
" the analysis of the data, however, for the tlme being 1s
very preliminary and partlal The Welnberg strategy do- (
mlnates. Baltav emphasized that the energy spectra. of
the final state electron or hadrons in. processes due to
neutral currents strongly depend upon the parameter of
-Welnberg ‘theory /82 ThlS means that the detection effici-.
ences in the experlments (and consequently ‘the upper
limits obtained) depend on ¢2/¢?. The results of such ana-
‘lysis of~Baltay are iliustrated in self-explanatories
figures in his’report, and I will only say a few.words
. of summary on the neutral current (I will call symmet-
rical the neutral currents of the type ee, pE,v;‘r..;
etc.,and astmetrical the ‘neutral currents of the type
67 , nk..., etc.) .- | |

1. Thereis strong'evidence against asymmetrical
vneutral lepton‘currents (for exampie‘the Dubna wcrk on’
the absence of processes llke p ey p-3e, etc.).

2. There is strong evidence against asymmetrical
- neutral hadron currents (of course this comes out_from
the absence of certain kaon decays such as K%»Zp ’ \
K snt+etie™,etc). ' o

3. There is nc experimental evidence in favour of
«symmetrical neutral lepton»currents (e.qg. nl+e' »w1+e")
nor in favour of neutral symmetrical hadron-lepton.
currents (e.9. v, +pv, +P Y +pa1l+n+n+ , etc, such
nroéesses can hardly have a cross section larger than
1/10 of the cross "section ccrrespondlng to charged cur-

rénts).
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‘The predictibns of the We1nberg model (requ1r1ng
neutral currents, at least symmetrlcal ones), however, -
are very close to be tested. The game 1s,only‘start1ng,
but within less than a year we should have an ansWer.'
I should notice,_however, that .even if the We1nberg ‘mo=
del w1th neutral currents will be excluded, the We1nberg s
strategy will stay: I am told that B. Lee has shown that
this is so in a model with heavy leptons. , A
in conclusion I wish to express my warmest gratltude'
to the Hungarlan Academy of Science, to the Hungarian
Physical "Society and to Prof. Marx for the wonderful

hospitality.

Recelved by Publlshlng Department
on July 14, 1972.
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