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This publication is of a preliminary character,
To facilitate the rapid appearance of Reports, they
are printed in the form as presented by Rapporteurs.



I. The works which I have to report are tgose‘of the
un-official Neutrino Session hold a week agb.,Thej could'be
considered the exténsion (for momenta order of magnitude higher
than those involvéd in /7 ~capture and ﬂ-decay) and continuation
of the celebrated experiment of Reines and Cowans. Everybody
knows that this new line of research had its origin in a proposal
formulated by Pontecorvo at the Rochester-Conference in Kiev in’
1959 and by Schwartz in 1960 in a letter to Physical Review.‘

In the last Rochester~Conference at CERN Schwartz reported
the results of the first experiment done on this line at
Brookhaven by a group ;ed by Lederman, Schwartz and Steihberger.

The experiment gave the answer to one of the major proﬁlems
discussed in the first Pontecorvo's paper. The neutrino
assocliated with /w-capturg‘and inverse reaction, is different from
the J3 ~decay .neutrino, Actually the existence of two neutrinos
was an old story and its implications had been already analysed
and thouroghly discussed in several papers by'Markov,Nishijima, and
Schwinger.n .

The people who attended the informal session enjoyed a
discussion on possible names for these two neutrinos. Pontecorvo
‘proposed mu -neutrino and el-neutrino. One may'also use the more
conservative names muon-neutrino and,electron-néutrino. As

much as possible I'will avoid names and use th symbols K; aﬁd E;

® During the Conference I learned that the matter is even older
than I thought and it goes back to a work of SAKATA in 1943.



- In the Brookhaven experiment statistics was just good enough
and Lapidus assuming a possible very large pseudoscalar term
(Gp> 10 GA) casted some doubts about the conclusions. However in
8 subsequent paper the Columbia group solely on the basis of C.V.C.
demonstrated that if the reaction
\'/M +N-=>p+e

had been allowed the minimum number of expected electrons (with
a 30% vuncertainty due to the scarce knowledge of the spectrum)
bhad to be 12, while the maximum pdssible number of observed
electrons was 6. The Brookhaven experiment showed also that
the number of simple /11 ~tracks was consistent with the cross-
section evaluated by Cabibbo and Gatto, ILee and Yang and
Yamaguchi for the elastic-—channel. '

Since then to my kndwledge, on this field beside the report
at Siena of the preliminary results of the CERN experiment and
a report by Faissner at thé Hamburg meeting in 1963 nothing
has been published. '

-~ 2 The largest fraction of the timé of the neutrino-session
has been spent on the reports by Cundy, Faissner and Gaillard on
the CERN experiments, but othe;r interesting papers and proposals
have been presenteii and discussed and I would like first to mention
them.

I apologize if in an undeserved manner I will report on them
too briefly.

2. Aﬁlong the papers I found here one by Falomkin et al.
refers to a new measurement of the limit of the mﬁ .-.neultri.no mass.
It is somewhat a by-product of the beautiful experiment ‘done by
the authors on /4 ~capture by l.-Ie3 » The range of the triton emitted..
in the reaction - ,L/ 3‘» H 3+ v
M Ty M
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has been carefully measured using the reactions
T THHe3 > H3+ R O,
3 ¢ He 3~ H3H 5/)
n +He3 e Hs""P
for calibration.
The results is that the mass of the mu-neutrino is
M, = 65 uev.

23

In another paper by Mikselyan and Spivax is discussed the
possibility to observe at fairly low energy the %L electron
scaftering. Everybody knows how important would be to know some-

thing about it. The cross-section is

6 = 10—41x (lab, energy in GeV), ‘
i.e. about a factor 1000 smaller than the lepton-nucleon cross—
section at energles of the order of one GeV. —

It is proposed to Built a special reactor where part of the
thermal neutions are absorbed in Li7 producing Lié with the
emission of ;Z whose maximum energy is ~ 13 MeV. The short
period of LiB
operating conditions, according to a suggestion by S.M. Fainberg.

makes it possible to use the reactor in the pulsed

Under these circumstances the recoiling electrons will be detect-
able because the background will be strongly reduced and because
of their relatively high energy. . _

With a reactor of a power of about lO5 Kw; a.flux of the
order of 10%2 ';f/cmz is expected. This is adequate to compete with
the very small cross-section; which is (above .2 MeV) 6722 10'44 cmz.
In 24 hours equivaleﬁt to 10 seconds effective operation one |
expects in a ton of NaJ about 40-80 recoll-electrons in a range

2-5"MeV, with a tolerable background.



During the discussion prof, Reines said that the reaction
;é:fj?_ng;’7 is now studled in an experiment now in progress at
the Savannah River Piant. The experiment should be capable of

a precision measurement of the interaction constant and of the
§5kspectrum. - »
Also the V,”€  scattering is being approached. The key

idea of the experiment is to make use of the spatial distribution
(in a low Z medium) of the compton collisions to eliminate

the photon bagkground. In this éxperiment’where the coincidence
technique cannot be used; this is the largest part of the back-
ground. A NaJ anticoincidence detector surrounding a'properly
segmented organic scintillator detecfor will have the virtue

to reduce the unwanted spurious counts. The signal rate above 2 MeV
is expected to be a few per day with a background below this level.

3. I said before that most of the session was spent talking
and discussing about the CERN experiment; While I thank personally

. the chairman prof. Schwartz for this cdnaideration, I will take
advantage of the situation to forward some information of general
character upon the experiment.

If something was really good on it this was the beam. The
short pulse extraction (designed and put into operation by Kuilper,
Plass and collaborators) had practically 100% efficiency and pushed
into an external copper target (avrod 25 cm. long and 4 mm in dia-
meter) in the average 5 x 10ll protons per pulse. The particles
emitted (mostly pions), were focussed toward the detectors by a
device originally designed by V. Der Meer. The energy of the extract-
ed proton beam incident on the target was 24.9 GéY.~The decay path
is 25 m., the iron shielding is also 25 m. correspondiﬁg to the
raﬁge of a 28 GeV~/W -meson. The "magnetic horn" of V. Der Meer



is similar to a conical mirror, It allows to enhance for:more than
an order of magnitude,theﬁtotal fluxes particularly in the energy
region above 4 GeV. Furthermore it allows to have at wish (apart from
contaminations) beams of mu=-neutrinos or mu- antineutrinos. Apart
from a short perloi the "horn* has been used so far for focugsing
positive particles .and hence to produce mu ~neutrino beams. The
corresponding- spectra evaluated. by V. Der Meer and coworkers by an
elaborate but straight-forward combination of orbit calculatlons and

kinematical rules is plotted in slide I.
Slide I.

‘VlThe two curves refer respectively to an old and a new improved
version of the horn. There‘are seVeral‘sources of error in them;
the most important of wﬁich lieslon the uncertainty about the Jt
and k production. Particularly uncertain is the part of the spectrum
above 4 GeV. Furthermore the calculated spectrum concerns only the
mu-neutrino’orlginated from primary mesons produced in the target
and decaylng in the tunnels: secondary sources from 1nteract10n in

‘the walls of the horn, of ‘the shieldlng etc... were neglected They
may contribute appreclaly below O, 5 GeV.

4f One of the detectors placed in the CERN 1m1-neutrino bean
‘bad been a large heavy liquid bubble chamber placed in the more
favourable condltions, that is immedlately after the iron shield,
the other was a multltons spark—chamber.

The maln characterintics of - the bubble chamber are the fol—

,‘lowing.



Iiquid CPzBr density 1,5 gro/cm
radiation length xo = 11.5 cm.
interaction length )0 = 68 cm.

Fiducial volume 220 I. = 1/3 ton.

Field 27 KG.

‘The persons who contributed to the paper presented by Cundy
are M. Block, H. Burmeister, D. Cundy, B. Einen, C. Franzinetti,
J+ Keren, R, Mllerud, G. Myatt, Nicolich A. Orkin-Lecourtois
M. Paty, D. Perkins, C, Remm, K, Schultze, H. Sletten, K. Soop,

R, Stump, W. Venus, H, Yoshilki.

To them I would like to add Bingham and Innocenti for their
relevant contributions in the 1963 program. \ o

The 1dent1fication of the tracks was made following the
standard procedures based on curvatu.re, ionisation, 5 ' -ray
counting etc... - | .

" In this manner protons can be clearly distinguished from JI
and /w 's. Of course JI and /M 's cannot be separated. The aistinc~
tion between’ fn' 's and /q 's was then made on the basis of the
observable interactions. The residusl contamination of W 's whit;h
have be'en taken as /1 's cannpt exceed 5% of all the events,

Neutral pions have been identified from kinematics when both

's materialised inside the chamber. Few. single 's found are
compatible with the detection efficiency of the chamber. The
neutron bgckg'round for events above 300 MeV is negligible.

Concluding in the Bubble Chamber the errors due to the misin-
terpretation of the nature of tracks are thought to be not 1argei
than those due to statistics. The other detector was a malti-
tons spark-chamber. The 1ist of the persons who contributed



to fheisparkfchamber experiment is the following. H. Blenlein,
A.Bohm; . G. von Dardel, H. Faissner, F. Fér:ero, Jo. =M. Gaillard,
H.J. Gerber, B;‘Hahn, V. Kaftanov, F. Krienen, C. Manfredotti,

M. Reinbarz, R.A. Salmeron, P.G. Seiler, A. Staude, and H.J. Stei-
ner, Je Stéin and myself.

' The multitons spark chamber has two versions: the 1963 and
the 1964, in principle not very different; It consists of three
sections. Going doﬁn stream with the incident mu —neutrinos the
first section is made by relatively thin plates and can be
considered a "high résolution production chamber", The second

-is a magnet with interleaved spark chémber which indicates the
sign of the crossing particles; the third is a thick layers
"range? chamber. The 1963 edition, shown in slide 2.

Slide 2.

See Faissner's report

was a general purposes instrument. The "production region"”
was made by a front part.in aluminium and brass to increase
the efficiency in detecting showers. One of the purposes was
to confirm the Brookhaven result.

The magnet was an extehporary Helmholtz coil kindly given
in loan from Saclay, quite limited in aperture and field
strength. S .

The 1964 edition was mainly designed for the search of the
intermediate boson. The high resolution région was made by

5 tons of aluminium plates ~ 7 mm thick, followed by set of thin



brass plated equivalent to 8 radiation 'lengths, But the main
difference was the replacement of the Helmholts coil by a sebt of
25 large magnitized iron plates with 18 interposed spark-chamber
units. The overall assembly in shown in elide 3.

Slide 3. .

See Gaillard's report

The magnitigzed iron plates with their field of 17 KG allow
to indentify the sign of all particles born inside and having a
. range > 200 grm/cm2 and to estimate with 25% accuracy the momenta
of all crossing particles with momenta ranged between 1,5 and
30 GeV/c. _

The down-~stream part of the apparatus that is the range
section was 1500 grm/cm2 thick. At the end two slabs 15 cm. thick
of magnitized iron were able to identify in most of the cases the
sign of the escaping particles. )

In the spark chambers also in the high resolution sections
a good discrimination is possible only between showers and
single tracks. The many callbrations show that this dlscrimination
is unamblguous for electrons and photons above 300 MeV.. ’ '

For "single—line" tracks the distlnctmon between a non- '
interacting or /M -like particle and all others lies in the t p
possibllity of identifying single scattering from "stars" “along
the track. Then its rellability and accuracy depend on the _

: length of each track and on the goodness and completeness of the

calibrations, Other procedures related to multiple scattering,
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.

ranges etc... are also applied whenever it-is possible.

5. It is probably unnecessary to mention that in the

analysis of the events always as a working hypothesis a conserva~

» tion law was a§sumed for /w-leptons.-A conservation law similar
to that valid for the el-neutrino may be considered a normal
thing. However if %1;(V%_ is not al all trivial to show that
really this assumption is consistent with the results,

Let consider for instance the reaction chain which starts
from a parent “J; and ends with a /A4-neutrino event. It has to be

written

+. Vv +7u V;
L+ Vg = pp + V™ ”Nz 4t

+ hadrons
In total 3"*:f/VL’/M M, +A4—hadrons, then /wé must be negative.
If no hadrons beside Aéb are present in the final state the
reaction is elastic and charge conservation imposes that N, is a
‘neutron.

Thus with mu -neutrino only the elastic reaction is allowed

() V” + N> }D-r/“'—

On the other hand a great variety of inelastic reactions may
be expeéted. The analysis\of the bubble chamber events show that
most of them are of the type

) Vw+A/_L ,;,/\/24-/7.7‘ f-/14
(Actgally in the bubble chember out of a total of 459 events
only 7 cases of strange particle production have been obserVeq)
Allowing for undetected Kg's or mistaken K's they can be at
the most 2% of the total. If one takes into account the

IT



éeteétion efficiency the observed events seem to be compatible
with a regular associated production. For more details see
Doct. Cundy's report .
' Hence if we will have a beam of pure, fj- the second /V( would
be always negative, The "magnetic horn" allows to have an almost
clean beam of mu-neutrlnos. There is a \/ contamination because -
particles emitted at angles < 1.5° rema;n ingide the inner cone
of the horn and do not suffer deflection; but ‘due to the favourable

Urjgf'patio and theiiimited solid angle, this contaminatidn is
estimated to be 6% for the 1963 horn and ~ 3% in the lo64 hdrni
versions. k |

The sign analysis of the')ﬁf ~tracks crossing the magnet

region in the spark-chamber gave the followlng results.

N* /N° - in per cent
' Expected . found
1963 &% L (8%
1964 3% : 2.5 % 1,02

The Bubblg Chamber'complements these results, particularly

in the low energy region. in it the frequence of the reaction
Vit p P N anything

is £ 6%; and that of the reaction \;‘-f-/\/—y/\/-f- anything is less
than 2%. . ,

‘Hgnce combining all results oﬁe finds that the/ﬁA ~lepton
number is conserved at least within 2%.

6. Because the discuésion of resulté,having e general
‘character as for instance the two-neutrinos, neutral currents,
heavy bosons etCess reguires soﬁe nomenclature and some inférma—

tion about the procedures followed in classifying the events, it



.

is then betterﬂfor-sake of clarity . to speak first'about'elastic
and inelastic interactions.

The problem is here to obtain a'reasoFable discrimination
of the’ events which can be assigned~to the reaction: (1) . with:
respect to the inelastic ones:

(@) V, —r/\/)»/«« +/\/~rT'S

The discrimination is of course much harder for the spark-
chamber. than for the bubble-chamber. Starting from the last

a first step in separeting_reaction (I) from (2) can be made

if one conmsiders all events where only proton tracks (one

or more) are associated with the }M -track as belonging to (I),
and all others to (2). In othexr words considering all "non
plonic" events as "elastics¥ all others as "inelastic". In

doing so, with the present statistics the onij serious source

of error comes from‘the'inelastic reaction where the pione have
been absorbed 1n the parent nucleus. The non pionle events

are 2363 the others 218. Varlous kinematical tests have been
made to extract from the 236 thoee which were hiddening a pion.
These tests are all baeed on the idea that negleeting Fermi N
motion the visible energy (E.; ) is a defective but on the:aveiage
not too bad measurement of the ineident neutrino enefgy'E.' '
Obviotsly'Evié ‘:,E v because of the»esceping peﬁt?oqs; On the
average ‘the higher are energy and multiplicity the larger is

the error; but the undetected energy E v - Evie seems to be a
small fraction of Ex For instance for the truly elastic-events

¥ This is to some extent due to the fact that in. pion-nucleon
collision the pion ohanges direction but loses only a fraotion

~ ”":r i of its energy. )
. M -» .



Egyq must be equal to the . energy calculated from-the /4- ~momentum:
and angle with the two-body kinematics. Most of the non-pionic
events fit this. requirement within the limits of the spread '
expected by the neglected Fermi -momentum = 270 MeV/c. Similarly
one may plot the invariant mass M* of the visible non leptonic
part of each event versus Evis )

) = (Eyis+M~E,)2= (V-

Again the non pionic-events when plotted are at the right
place ‘around the line M¥* = M; as’ expected if most of them were
elastic, ‘

For more details reference is made to the Doct.Cundy's report.

7. The crosse-section for reaction (I) can 'be ‘written':l.n

an invariant form 2
= Q,;%f z L, [A£B(S-W)+C (-4
v
gé= [V/w |#=2AM(E,- En)

is the four momentum transfer for the elastic interaction; 4A,B, ,C

are combinations of the form factorsz' Wm

I E >/ for a ta.rget nucleon at rest, () S-Ii/= QMF-Q::
= QM[ZE, 77 According to C.V.C. the vector form factors ave

where

equal to 1»:he e.m, form factors. Then a comparison of the theore-
tical cross-section with the data is equivalent to a’ comparisen
of the ax:la.l with the vector :I.nteraction. Neglecting the induced
pseudoscala.r tem (which for energies I GeV is very probably
sma.ller than 1%) th:l.s comparison is a way to determine the az:l.al
form factor. The nethod eliminates the :I.nfluence of the poorly
known :\/ —spectrum This can be easily seen consi ering that the

q° distribution is given by O/Q = f @D (E) 2(5)0//'—’

Codol) — 2
%If motion 1s taken into account S — u = & = E-?_EF ) - 4
being + and pf the Ferml energy and momentun and ol the le
een \fqand the Fermi-neutron. At high energy and q<>
Mev)z_ the Fermi motion can be neglected.
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where ? (E) is the \//4 -~ flux at energy E. But if one  divides the

events in energy intervals A E
AN(Ey)= @ KE)S(E)AE

Then we can write = . -
<~ AN By oS (E)
- &l E) q 2.

Assuning: form factors ¥, (q )of various types and calculating-

9_‘_‘&":}_ one finds which F, fits better
Aq2 . ~

the corresponding G(E) and
the results.
:It 18 worth to remember that this procedure implies the use of
Enqg for E. As far q2 is concerned, it ocould be ‘
obtained either in terms of the kinetic energy of the recoiling ‘
protons: ' k '
q® = 2 um;
.or better (particularly if more than one proton is emerging) by
the visible energy and the /'4-angle 6. Precisely q =--M -+
t QE,[E:~P. a1 B]= 4 EE,, Fin 5y = Y £, E,, Sin L}
This procedure has been applied to the thought elastic events
with Evis = I GeV. The cross-section used was modified for the
effects of the Fermi momentum and Pauli princlple. It has been
calculated by Lgvseth. )
A maximum likehood procedure was applied to obtain the best
£it. The results are given in the following Table where two
po_séible q2 functions are considered accoi‘ding to the 0ld and the §

new -Sta.nford fashion.

F, F, M’
e e SRR R
1.9 L1 (—hé)f]‘l-o.19’l; + qz/MAz] - 0.6 ‘:gz

I5



In the cross-section a ratio;GA/Gv~ = 1,15 was taken. The interval-
of q2 is extended up to ~ I (GeV/c)a. The results ssy that up to
this fairly high limit there is nothing pathplogical‘in FA‘ A
useful check can be dqne reversing the procedure, that 1s using
the best value of F, to estimate from fhe events at various
energies, the \3“ ~flux; fhat is the function (P (E). Then this last
can be compared with that calculated by V. der Meer et al. Next
slide 4 shows fhe results. '

Slide 4.

See Cundy's repoft

7. It is gratifying to see a difrerent aspect of the "nofmality"
of the axial interaction in the angular distribution of the
M —tracks observed in the spark chamber for'the,thousht ‘elastic
events. : '

The discrimination was done making use df all detectable charac-
teristics able to distinguish a proton from & meson and either one
criterium or another was abpliéd according to the circumstances,

Beside a drastic. reduction in the fiducial volﬁme, the events
which have béen considered "elaatic"/had at most two tracks and
nothing else, A tréck was made by 4 aligned sparks. The longest
of the track must not show any interaction, should trigger and if

" the sign is known, this must be negative, etc... The éhorter one
must stop, and if the track is long enough it should not have mul-
tiple scattering beyond that compatible with a proton; etc... For
more details see Doct. Faisaner'a report.One typical, but not one

of the best example is shown in Slide Se
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‘S1ide 5.
See Paissner's report
0f this. kind 208 events came out from the 1963 Tun and 143 in

1964, They are very crude data. They must be corrected for trigger-
ing efficlency and this is relatively easy. But here more serious
than in the Bubble Chamber are the ambiguities due to the uncertain~
ties in the proton track identification and the effect of the pion
reabsorption. However a comparison with the bubble chamber shows
that the‘exciusion'of thosq events having more than two prongs
reduces the éelecteq onés to a 70% of the possible ndn—pionié cases.
It shows also that in the Bubble Ghamber the two prong events are
those which fit better the requirement M = M mentioned above.
Finally in the bubble chamber the multi-protoné»efents occur rough-
ly with the same frequency over all the range of Evis and then their
subtraction is like a background correction. Probably in the spark-
chamber the inclusion of the pioﬁ reabsorbtion is partially compen-
sated by the exclusion of the multiprong events. |

) This cohclusion makes a little hard to understand why the rate-
o: the events selected as elastic éurns out to be 1;4'higher than
the predicted. One may notice that th§ éame’conclusion can be deriv-~
ed from the bubble chamber. It 1s also clear . that the rate is
unusually high below 0.5 GeV. The siﬁpler exP}anation is the con-
tribution of secondary sources'from the interaction in the walls

of the horn and of the tunnel decays in the shieldlng etc... as.
mentioned’ before.

Ieawing.out this question of the rates,in slide 6

17



Slide 6.

See Faissner's report

is reported us an example,‘the,angular distributions of the /u ~tracks
obtained‘fpom the 1963'data. The solid curves are those calcu-
lated by Lgvseth and they are normalized to the number of events.

For both samples ¥ =Fv gives a good rit, while a value MA 2 2 GeV
inF, = (1 + q2/H2) seems to be incompatible with the data, The

1964 data bring . to the same conclusion. .

The combination of the bubble chamber and spark chember data show
than that up to (I GeV/c) the behaviour of the so far unknown axial
form factor is close to the vector one with 25% accuracy.

8. It may be now appropriate to say something about the
elastic V 1nteract10ns. In CERN beam there is an appreciable‘
number of them due to the K5y decay K' = F°+e'+V, . Taking
the parent kaons spectra calculated by V. der Meer, one may derive
the corresponding flux and spectrum of v, -

The expected rate is = 0.7% of the total elastic rate.
The spectrum is a smooth well-shaped curve with a flat maximum
around 3 GeV, Both flux and shape reflept the large uncertainty
on the K spéctrum, a point which will be'reconsidered 1atgr.'
Now the thin plate section of the spark chamber had a yirtue.
Electron and photon showers with energy high enough to produce 2 20
sparks are practically unmistakable, The total number of sparks
N depends of course on the energy of the primary particle and
the plate material and thickness. On the average in CERN thln
walled spark chambers Ns 2 20 meant E 2 300 MeV. The shower
develops in fairly regular conical shape which opening angle depends
on the plate material and very little on the initial energy. '

In the aluminium and to some extent also in the mixed

18



aluminium + brass - spark chambers it is also possible to reach
a fairly clean-discrimination between single-~electron~showers and
.‘J[‘° -showers. The discri_minafion is based on the conversion
distance of the’ phofqn and ‘on the conical shape mentioned above.
This is 'particulai‘ly true when the event is made by a single
shower or by a shower associated with a proton-like ‘track as
defined in the previous paragraph because then the robbing effect
hags little influence on the visible sparks. An example of these

showers is shown in slide 7o

Slide 7.
See Faissner ‘s report

We consider these shower events as the V - counterpart of
the \)" -elastic reactions previously discxexssed. Actually because
the ‘energy of the shower can be detex;mined within a 25% uncertaini-
ty and the shower axis within ¥ 2,5° » the kinematical tests are
here more reliable than for the \) -interactions.

The observed elastic v - 1nteraotiona are 39. The corresponding

ratio
R (Y e elastic)

= N (\’/4 - elastic) -

If one assumes U.F.I., this ratio proves that at least for the

elastic events: a) the fact that \),‘ and ‘)e. carry two independent
quantum numbers hag now & l:Lmit below 1%; b) the flip hypothesis
according to which K* —» /4. + \) is ruled out and a possible
mixing of this decay mode with Kt M+, is 1imited to 20%;

¢) the 0°(V, Vo > E) elastlc cross-section has the right order of
magnitude required by an extension of U.F.I. up to multi GeV
energy. This is not a trivial result and can be emphasized if

I9



onezdomparesitheﬁqa,f;distribution.oﬁ;thesexgatherﬂqutqventswgithv
that obtaiﬁedtfor the :e“‘ereaqtion in.the;bubble‘qhambe:. The.- two.
distributions are quite compatibles. - .-t ..t .o ..

' 9..To conciude the topic of elastic and inelastic events ..
I would like to sayrsomefhing;abouﬁ the inelastic. evenps and ..
particularly abouyfthgjprqduétion of the nucleon 3/2_3/2.ispbg:%‘W

It”is‘supposed to play a,dominant_:oie_in,tpe<qne-pion‘events.;

It is my opinion that beside many subtilities upon the. charge ratio
-of the observed single pion events, the clear existence of this. . A
expected process is shown in the'mass distributions. For inpident

gu energy below l.5 GeV. the maximum of the available phase space
is just around the value Mgéiii.B. It is then better to considerl
only those events with Ev 2 Evis >/. 1.5 ‘GeV. Next slide shows ﬂie
corresponding histogram. It exibits’a good evidenée for a N*

production.
Slide 8.
See Cundy's report

The corresponding rate and felati§e cross-section has been

recently calculated by Berman and Veltman and by Block, It cannot

be said, in spite of the plausibility of the introduced assumptions
(which stem from a comparison with pﬁoto—and electron-production
~of N= etc...) that the agreement is good} but it is not clear if

it is fault of the theory oi of the data.rThe eiperiméntal rate

is tdo~1ow3at least for a factor two, bﬁt almost. certainly an- -
appreciable number of N¥*'s in spite of the introduced correctiong

is hidden by the % reabsorption and the statistics is quite, limit-

ed. / : ' ) "
Finally it has to be said that the total inelastic cross-section

looks now more reasonable than in 1963, It is shown in next slide..
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Sgegw s ,;‘ See Cundy’s report

iThe rise with 0 -energy :is-not.anymore roughly proportional
to (8%, but if any, to Ey, .

10) Having discussed elastic and.-.inelastic events. and learned
how to recognize electrons and meson tracks we may now. consider
the answers‘given,by'the CERN. experiment to the following general
questions. :: . - S

a) To what;limits is /4:#‘{2 independently of any assumed
symmetry between ,q-and e~leptons?

b) What is the limit one may place to the presence of neutral
currents in the explored high energy region?

c) What is the evidence against or for the existence of the
. intermediate .boson wte | 7

a) To the first question a completely unbiased answer is
glven by the bubble chamber. One may consider the totality of the
events simply comparing the number of those having a single electron
emerging from the apex, with all others having a/u ~track.

out of’459 eve.nts, 5 single electrons have been observed. All
these electrons are above 400 MeV. Then if one does not assume any

symmetry between \)e and \’,‘ the conclusion is simply that
\)/"('\A/ —)‘A/-f'e--é'--" ~ i
SR - 00
\Jﬁ+_,/ 2Nt !

‘ vif instead we assume U.F.I. but /( #V,according to the estimat
ed fluxee and the rates of the/« -events one expects the following
el ectron events :

1.}_1 elastic | '}n'rhile ’ 2 are observed

2.2 inelastic ~ while 3 are observed +
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This is in excellent agreeﬁént with what has found (with
a better statistics) considering the elastic events in the spark-
chgmber. Hence summing up all the results the aimpler conclusion
is that U.F.I. holds up to momentum transfer of the order‘of 1 GeV,
but ‘)/* and \)e are carrying independent quantum numbers in all
their interactions with‘hadron-currents.'The limit of any mixing
is less than 1%.

‘b) For the second question we appeal only to the Bubble :
Chamber results. The existence of a strangeness conserving: conpl—
\ing (Vv) (Pp) will give rise to the elastic reaction

Vip >V +p - ‘ 4)

and other inelastic processes. It 1s then asked how many single
recoiling protons have been seen.“Below 250 MeV neutron stars and
proton recoils are quite copious. They are originated from the
abundant fast neutrons emerging from the ﬁaterial aroﬁnd the .
sensitive liquid and produced by'%‘-interactions. Considering
the events above 250 MeV (this limit for the elastic events
corresponds to a momentum transfer q2>, 500 (MeV)z) one finds ‘that
the occurrence of reaction (4) is less than 3%. |

.115 We conclude now with the more rele'ant'problems.'What
about the Wi7- _ | .

" To my knowledge the existence of the W to mediate current
Permi interaction was proposed years ago by Schwinger,

If was pointed out at Kiev by Ponteqo?vo and Ryndin that if
the masas Mﬁ of w would had been of the order of the proton mass,
with the beams of V -neutrinos available at BNL and at CERN, the
production of W would become possible.A complete theory of this
process was giveg in 1960 by Lee and Yang.

The basic diagrams are as follows




of which the last is domlnant.

The order of magnitude of the cross—section for this semiweak

process is .
o~ Got = 07T R = 407

The created boson would then decay with a mean life between
10717 ana lo'le(ﬂooording to the value of Mw)elther into a lepton
pair or into a eystem of pions and/or kaons. This last mode might
be greatly ephanced if M, is in the neighbourhood of one or \;nore
of the several resonant states. In first decay-mode the‘final

state of the over-all reaction +
\ Mo+ E +V
- + *
\}4+Z -vZ(ozZ*)+/u +W > Zfox )+{ rutay
MTH T
contains two opposite charged leptons; the positive leptons being
an electron or a muon with equal probability.
The nuclear charge may act "cohefently" or "incoherently"f
according to the'incident\:M energy and the value of M,. This is
determined by the minimum momentum of the exchanged photon, which
is: 2

Quin = 57, ("0 €M)

For mﬂ>j.GeV the "incoherent™ process dominates up to
"E€ 8 GeV. In all cases Q is in the average a small fraction of M,
and similarly to a two-body decay the energy of thelﬂ_—produced

first, is picked around )

~ m
£ S E 5

As shown by Bell and Veltman and Uberall the W is strongiy'
longitudinally polarized around the direction of the incident
mu~-neutrino. The second positively charged lepton 1s then forced
ta be polarized. in the same direction and it is preferably pushed
backward in the C.M. of the We Coneequently invtﬁe lab. system the
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largest fraction of the-W energy goes to the second neutrino. At
the same'time the argular distribution‘of the positive lepton is
broader than of the first/u . ‘

Bxtensive calculations have been made by Lee et al, Solovjev’
et al, Bell and Veltman, Von Gehlen and more recently by Wu et al
on the energy dependenceJof the production croes-eection for
several nuclei., The shape of the curve G'H(Ev) does not change
appreciably with Mw, but of course the'threshold does. It is
around 2 GeV for'mw'—‘r"l‘ GeV and=5 GeV %or Mwﬁ 2 GeV.I Then the
proddction rate depends drastically on’ the %lspectrum.;Instead
the kinematical»feétures of the lepton pairs sketched above are
elowly varying with M,

- A search for these lepton pairs was pushed systematically on
“the spark-chamber pictures obtained with the 1963 and 1964 set-ups.
The search was done looking for possible (/u/t) and (/48) events.

As stated before the single electrons can be identified and
their number can be corrected for the 71° ‘background. The problem
is then to identify unambigously am -track.

For "single line"® tracks the distinction between a non-
interacting or‘ﬂ -track and all others lies in the possibility of
identifying single scatteringa'or "gtars®™ along the track. Then
its reliability and accuracy depend on the length of each track
hnd_on,thelgoodness and comoleteness of the calibrations,
Apparently only receptlﬁ the calibretions of the several parts of
the equipment reached a satisfactory status.

Once established via calibrations, the mean free path;ﬂ for.
a visible interaction of pions, protons and kaons a sample of
possible (/qu) pairs has been considered The sample of about 350
: events was made selecting events with two tracks each long. enough
to make sensible a search for interactions*. Obviously the matter )

wag to see if in this sample the total numb er of interactions was

%) Por further details see Dr. Gaillard's report
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- less than what should be expected assuming Gvith all possible
configurations).that one of the two tracks was a/«»anduthe other -
not a/( but a proton, a pion or a kaon in the proportion. indicat- :
ed by the bubble.chamber analysis, The results.are the following :

et minimum expected. : - observed
1963 . . - experiment --63- . 56
96 | 92

Akfs'imiiln': a'.zidlagne'hat' easier analysis "a.s made for the pos~— .
sible (/ue)palr"s'.One‘ ‘of them 1s shown in slide 10(see G-ai_llard re-.
‘ port).Out;" of 1,700 events produced in aluminium, 5 candidates with a
shower coi’responding to an energy E>500 HeV were found.The other
track must belongevr than 0.8 nuolear geometrical mean free path /\o

and non-interaoting. ‘ »

Accordin.g to kinematice, with this cut-off on Ee’ the sample,
should include 70% of the (/¢e) decay mode.

However if one takes into account the correction due- to the
Tlos and the fact that the total non-electronic track length
obtained sumtning up al‘lv the events is only about 2A one has to
conclude that at thé most the possible (ue) pairs are/3i.

In the bubble chamber (,u,u) pairs are not 1dent1fiab1e
because the total t‘rack length of the possible candidates 43 too
short, .There“ is one possible case of (,u-e*) paii‘, but the negative
non-interacting mesonic track is only 40 cm long and could be
also afi . . f

The previous results sllow to give a lower limit for M, .

With the assumption that the branching between leptonic decay aniv
pi_onic decay of the W is 50/50 and with mwsi.s GeV one has for‘
the (ﬂe) pairs: '
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Expec%ed .’ Found
‘Spark-chamber ) =011 - £ 3
bubble-chember . = 3 £1
- The result of the Q/Vu) pair analysis is obviously consistent
with the conclusion one may derive from that of the gue) pairé.
However a more precise ‘and significant 1imit on:the W-mass
was’establiéhed making use for the/yu pairs of the sign identifi-
cation ofjthe tracks; that is with the use of the information
provided by the magnetized iron regions.According to what was =said
before thekkinemafios of the W decay dependé very little on ‘ﬁw'
0f the twp /4'5 fhe positive track has on the avefage a‘higper
momentum than thglu « The ave?age momentg are roughly.in the‘
'ﬁ&*? ~ {5

<p™>
Bell and Veltman have calculated in detail angular and

ratio

P

momentum distribution of this decay mode. On the basis of these
oaloulations one can choose & sample of (/V“) candidates and see if
thej correspond to the range and sign requirements. The samplg
was ma@e by évents with two—lu-like tracks of which one was longer
than 7A, and the other > 2.4,&0; If one again decides about the
branching between leptonic and pionié modes, the Beil and Veltman
calculation allowsthen to decide (according to aign,.rangqa and
geomefrical biases) what are the expect;d rates. With a branching

ratio 50/50 the results are indicated in the following table:

Expected ' Observed
W, (Gev) V.D.M. q°< 0.2
1.3 21 51
) none
1.5 11 26
1.8 | 4 9

In the third column the rates have been calculated .on the

v -
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base of the shape of the spectrum found mecording to the energy
distribution of ~ 70 events which did not show any visiable track

2 value roughly smaller

beside theuand which accordingly show a g
"than 0. 2. Por such small values of qz'one may consider the rela—
tive probabilities for all prooollcl (elaatio or 1nelastio) 1n-
dependent of the incident energy and also  of ~the cut made by
the Paul; p;inciple, which estimated influence depende on tﬁq‘
nuclear ﬁodels ueedf Of course in this manner one gets the shape
of the spectrum and not the absolute flux, bct here what is
‘relevant is the proportion of the/u ~-neutrino aboyeAGeY wWith res-
pect to the total glux'thc shape of the spectrum octained by this
method compared with the calculatedv.ccr Meer ‘s spectrum seemsto
show that in the energy region above 435 cev there are about

twice mu~neutrinos fhan expected. A reeulf which, if configmed,

iipliac also some xﬁodifice‘.tions concerning the energ;lr depend-

ence’ of the total inelastic cross-section the rate of the

Vg -elastic events etc.ss _ ,

12) The‘absence of any’evidence in favour of‘the lepton pairs
is“not adequate to prove tﬁat 1\%21.8. The mesonic decay mode
could well be.le:gerly dominant. But in this case some- indication
of these ahould‘be evident in the Bubble Chamber events.

The analysis was 1imited to the few with E via z 6'GeV-‘in
total 23, For a Mw>].5 GeV, the calculated production cross~sectior

(E) when E, 26 Gev becomes larger 1;han¢=-'10"38

cm and then 1t
is expected to compete succesafully with other processes,

of the 23 events only 14 have e total mesonic charge of +1.
The plot of‘their Qorresponding effective masses is shown in slide

II.

- *) As shown by M. Block (Letter Submitted to P.R.) the absolute
flux can be determined if one would be able to discriminate the
true -low q2 elastic events.
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Slide II

See Cundy's repert

If one makes the extrene assumption that the mesonic decay

mode is lOO% a value Mwsl.B is excluded because being absent

the leptonic decay, in the region between I and 1 5 GeV one should

obsérve 20 + 50 events. For Mw=fl 5 one would expect II events

while in total they are 8. Hence

cannot be excluded. The numbers above are derived from theJ

otrum caloulated by V. der Meer.

this 1ower limit for the mass

/(

~-8pe-

‘In the next months when an increased statistics will be

available, if the fact that in the region above 6 GeV there are

at least twice ‘a8 many neutrinos as calcUIated will be confirmed, ‘

probably also for the mesonic decay the lower limit of Mw will

shift to at least 1.5. In conclusion as sad it could be, there is

no evidence for any heavy boson with a mass Mw< 1.3 and likely

the lower 1limit should be placed
A It has been communicated by
nary results based on 300 events
' spark-chamber at Bpookhaven (and
obtained with a 30-GeV, extracted

target) are consistent with this

around 1.5 +1.8.

prof. Schwarts that the prelimi—
observed in the¥new (~ 80 tons)
produced by the/t;neutrinos
proton beam incident on a Be

conclusion.

Consequently there are little hopes to see any w through the

leptonic decays with the accelerators now in operation.

It was then very interesting to know about the progress of

.an experiment the La Jolla group communicated bysprof. Piccioni,

Here the W should be produced via proton-proton collisions accord-

ing to the process:

“(5) p + p~»D + W,
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It was pointed out by Piccioni that the cross-section for
(5) is very likely 10 times larger thén that estimated by Bern-
atein, . ’ » -

The reason is that in this case. one should not make the
calculations choosing for simplicity a cert#in numbei of Feyman
diagram, but instead fo compare the crdés-section of reaction (5)
with that of a'nucleon nucledn'collision where a mesonic "fire
ball" is produéed with a mass of the order of Mﬁ. The ﬁfire balls"
are now moré fashionable than ever and probably Piccioni's '
estimate is right. Tpe\éxperiment is oriented toward the’defec—
tion of lepton pairs in coincidence with the D. For more defails
one may see the paper presénted in the parallel sgession.

Finally during the discussion Doct, Zichichi has suggested
tw9 methods to détéct~via thg leptonic deéays the existence of
the W. The first with a p + D annihilation, that is according to
the diagram - "+

w
;>\A,N<w‘

)

which evidently goes as ol 2; the second with all p - N collisions

occurring in the internal target of the PS. at CERN, andtthen »
looking to the /4'5 produced at thosé ang}es which‘are not allowed
to the /Afs coming from I and K decays and (ve;y relevant) to
their polarization. v , .

I may then conclude thanking my.secretaries Déct. V. Evseev,
L. Mikaelyan and V. Vaks for their very valuable support and for
quite a few useful discussions; an& expressing to Piccioni,
Zichichi and all the many'others intefestéd'in finding the W my

warmest wishes for a success.

Regeived by Publishing Department
on August 19, 1964.
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NEUTRINO EXPERIMENT

SPARK CHAMBERS
FEBRUARY — MAY (964
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PHOTOGRAPHY - 18° STEREO

Fig.3.
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