REVIEW OF NEUTRINO EXPERIMENTS
D.H. Perkins
Department of Nuclear Physics,
University of Oxford, Oxford, England.
INTRODUCTION

This review will cover the following topics in charged
current neutrine interactions:-

(1) Elastic processes, vn - u_p and vp - u+n

(2) 1w, 27 and 3w production

(3) Inclusive cross—sectilons

(4) Scaling: x and v distributions, sumrules in deep inelastic
scattering

(5) Strange particle production

(6) Anomalies in X, y distributions, vicolations of charge

symmetry and sumrules.
In addition I shall discuss:—

{7) . Evidence for and against existence of heavy long-lived
neutral leptons, suggested by the Kolar Gold Field cosmic
neutrino experiment.

I shall NOT discuss dimuons, which are covered in the
papers of B. Barish and C. Rubbia, and to which I can add nothing
useful; or neutral currents, which are fully described in the
papers of J. Morfin and L. Wolfenstein.

I THE ELASTIC REACTIONS v +n + y + p, v + p >y

The most recent results on the determination of the weak
nucleon formfactors have been obtained by the ANL-Purdue collabeor-
ation. A total of 396 examples were observed of the reaction
vd - W ppg where pg is the spectator proton. The technical details
of the experiment, carried out in the ANL 12' chamber with
deuterium £illing, have been described previously!l.
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Making the traditional assumptions - time reversal invariance,
first-class currents, neglect of the induced pseudoscalar term -
the cross-sections determine the vector and axial vector form—
factors, parametrized via the dipole fit
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Fig. 1 q? distribution observed Fig. 2 Elastic cross-section
for the elastic reaction for v + n + | + p as a function
v +n->u + p in deuterium, by of energy.

ANL-Purdue groups.

2 2
GV,A = {1 +gq /MV,A)

with masses My and M, respectively. If the extended CVC (isotriplet
current) hypothesis 1s assumed, My = 0.84 GeV from electron scattering.
Two values of My are obtained, from do/dg® and ¢(E) respectively

(see Figs, 1 and 2):-

q? shape: MA = 0.84 + 0.11 GeV
g(E): MA = 0.98 x 0.13 GeV

The second value depends directly on the neutrino flux
calibration and the error includes the flux uncertainty, whereas the
first is essentially flux-independent. 1If the q? and cross-section
data are combined, one obtains

MA = 0.89 %= 0.08 GeV (1)

If the CVC hypothesis is relaxed, both M, and M, are
determined independently to be
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_ 0.05
MV 0.92 = 0.11 GeV
0.21
= +
MA 0.75 ¢ 0.10 GeV

Data on the antineutrino process, v + p = u+ + n, 158 at
present available omnly Ifrom the CERN Gargamelle experiment in
freon?. The q2 distributions, the v and V cross—sections, and the
v, v cross-section difference all yield values of Mp consistent
with (1). However these results are intrinsically less reliable
than those from deuterium because of more severe nuclear corrections.
Fig. 3 shows both the ANL and CERN cross~sections, quoted per
nucleon of freon (CF3Br). They are consistent with the expected
dependence for My = 0.9 GeV

Finally it should be g 5 ™ ig . fﬁwmm
mentioned that all the neutrino ‘0 & auer 3 i;:;sz Z:Etﬁi
experiments to date vield values J __:t;ewv
of M, somewhat below 1 GeV. 08 A
This is to be contrasted with
those extracted from analysis 06 } {
of pion electroproduction, : L{ } %
using PCAC and soft-pion 04 L{ %}“}““'—-———~—{_h___
techniques, which are system— { % %
atically above 1 GeV (see g f~'—1f“%____’”
the repzrt of G. Wolf at this 02 r %iﬁ%érﬁ {
conference.) ’//////‘
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Fig., 3 Elastic cross—section on
nucleons as a function of energy,
calculated per nucleon of freom
(CF3Br), as measured for neutrinos
CERN, ANL) and antineutrinos (CERN).

IT WEAX PION PRODUCTION

1la Single Pion Production

The ANL-Purdue group have continued their study of single
pion production by neutrinos in hydrogen and deuterium.3 The
reactions studied were
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-+
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-+

vd > p nm (ps)

vd ~ u_pﬂ°(ps)

(2a)
(2b)
(2¢)

(z2d)

The first two reactions involve a pure I = 3/2 final hadron
state. (2a) provides a 3C kinematic fit, and (2b) is constrained
if one sets reascnable upper limits on the spectator neutromn
momentum; the cut p < 50 MeV/c on each of the x, y, z momentum
components was employed, removing 9 * 27 of genuine events.

In contrast {(2¢) and (24) involve both I =} and I = 3/2
final states, and are not constrained because of the missing neutral.

They are detected by means of the missing
momentum transverse to the beam directicn.
The events selected however contain consid-
erable background, arising from incoming
pions, from elastic events, from examples
of reaction (2b), and from 2w production.
Various transverse momentum cuts and
reconstructed neutrino and neutron energy
cuts are applied, essentially removing
all the background. The loss of genuine
events can be assessed using the p~prt
sample treated in similar fashion. At
high energy, 2w background becomes large
and the cross—sections are not quoted
above 1.5 GeV.

Fig. 4 shows the pion nucleon
mass spectra obtained for the 4 reactions
in equation (2). Both reactions (2a) and
(2b) are included in Fig. 4(a}); the
neutron spectator events satisfying the
selection criteria for reactions (2c)
and (2d) are shown shaded. Fig. 4(a)
shows a stroung A signal, whereas the A
does not dominate in the nnt and pm°
reactions.
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The amplitude of the different reactions can be written:-

A(r'p) = A, - B,/Y/S
A(Grn) = Ay/3 + 24,73 + B,//5 (3)
A{n®p) = J§A3/3 - ¢§A1/3 + J§B3ﬁ§

where A1 and A3 are isovector exchange amplitudes feeding I = § and
I = 3/2 final states, and B3 is _a possible isotensor exchange
amplitude, assumed to feed I = 3/2 states only. The analysis of
event rates leads to the following results:-

(1) The triangle inequalities implied by equation (3) are
found to be satisfied if
-0.52 + 0.11 ¢ BB/AB < 0.23 £ 0.07
consistent with no isotensor exchange.

(i1)  A4ssuming By = 0, and for Myy < l.4 GeV, the ratio and
relative phase of the isovector amplitudes are

|A1{/|A3| = 0.78 + 0.15

éd =92 £ 10°,

implging a large non-resonant I = §# background in the

I = 2/2 resonance (A) region. The magnitude of the I = }
amplitude is in fair agreement with the dispersion calcul-
ations of Adier®. The mass distributions according to the
Adler model are shown in Fig. 4. Quantitatively, the values
of Ay and A3 can also be specified in terms of the ratios
shown in the following table:-

Table 1 (MWN <1.4 GeV)
Experiment A.1 =0 Adler
+ _o@nn)
RT = S IOT 1.01 % 0.33 0.5 0.77
alp pr®)
++ “an “pr®
pftooolenm +wpr) 0.74 + 0.15 0.33 0.58

o(u—pn+)
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Clearly, the absence
excluded, and observed rates
computation.

IIb Multipion Production

A careful study5 has
the ANL-Purdue group. There

of T = } final states is completely
are in accord with the Adler

been made of 27 and 3w production by
is not space here to describe the

identification of the many channels in detail, but Fig. 5 illustrates

the type of results obtained

for the exclusive cross—sections. The

elastic, 1m, 27 and 3m channels are each characterized by a steep
rise from threshold, with a levelling out at high energy on account

of formfactor effects.
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Fig. 5 cross-sections for some Fig. 6 Inclusive cross-sections

exclusive reaction channels
measured by ANL~Purdue in
deuterium and hydrogen.

observed by ANL-Purdue for
reactions on (a) protons {(b)
neutrons. The straight lines
indicate the slope of the fits

to the CERN freon data, assuming a
constant value o{(vn)/o(vp) = 1.40.
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IIT INCLUSIVE CROSS-SECTIONS

I11a Cross~sections on Nucleons

The CERN Gargamelle total cross—-section data were published
in 1972%, and recently a re-evaluation has been carried out with a
threefold improvement in antineutrino statistics. These results
are of interest, in the light of reported anomalies in differential
cross—sections, as they illustrate some of the systematic errors
which can arise in cross—section measurements with wideband beams.
The measurements refer to neutron-proton averages in freon
(CFSBr, n/p = 1.19).

Fig. 7 shows the CERN v, v spectra, and one notes the
conspicuous "elbow" in the spectra at 5-8 GeV, where neutrinos from
K-decay take over from those from wm-decay. Because of the finite

CERN_WIDEBANO_SPECTRA
PROTON ENERGY 24,325 Gev
5 |
b
3t 184 be
4 T 18% AEfE
2 16
E NEUTRING
(=]
B 16*
i 1.4 1
z
E] ANTINEUTRING
3
124
Wt L
10 4
094
T b Cow " Y 2 4 6 8 10 12 “
Eﬁ GeV —
Fig. 7 The neutrino/ Fig. 8 The curves show the results
antineutrino fluxes in of Monte-Carlo calculations of the
the CERN wideband experi-— expected ratio of observed event
ments. The "elbow" in rate to the event rate which would
the curves around 6 GeV be observed with perfect resolution.
occurs where neutrinos The experimental points are the
from kaon decay dominate (normalized) values of antineutrino
over those from pion event rate divided by the product
decay. of flux x energy.

energy resolution, this leads to "pile-up" effects for such a
steeply-falling spectrum. This feature is illustrated in Fig. 8,
giving the ratio F of the observed cross-section at energy E -
that is, the number of events with measured anti-neutrino energy E
divided by the flux factor - to the true cross-section which would
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be obtained with perfect resolution. The curves show the variation
F(E) expected, on the basis of a Monte Carlo calculation taking
account of the energy resolution, AE/E. Those for AE/E = 10% and
AE/E = 18% are given as examples. The effect is second order in
AE/E ané thus varies rapidly with the resolution. In the actual
experiment, the muon momentum resolution function is a Gaussian
in (*/p) with an rms deviation of 87%; while the hadron energy
resolution is approximately Caussian in Engdron with rms deviation
16%. The curve marked 18% for brevity corresponds in fact to this
case., Also shown is the observed eveut vate divided by the product
of energy x flux. It is seen to follow approximately the variation
expected from the Monte Carlo. The resolution should in principal
depend on energy; however, examination of the internal momentum
errors on individual secondaries indicates that, for the total
secondary energy, there is no appreciable dependence of resolution
on energy ovetr the range 2-14 GeV, and we neglect such effects.
The magnitude of the effects of resolution on total cross—sections
provides a clear warning that distortions can arise in wideband
experiments, and that apparent anomalies can have an instrumental
rather than physical origin.

SEYTITNG ARD _ANTINECTRING TQTAL CROSS-SECTIONS

EVENTS E=2Gey l?ﬁg v
HD Y,

Fig. 9 indicates the results
of the preliminary unew analysis of P
the CERN data, including all
necessary corrections for the effects .
of resolution as discussed above,
subtractions for neutral current .
contamination and wrong sign muons 5
etce. The analysis also involved
other corrections; events were —
accepted only from completely 0 g
measured rolls of film taken in ‘ Eﬂ
"good beam" conditions, where , /i
flux data was reliable; badly- L s ,////

measured events (momentum error 3 ‘
—4

q,=0% W60

[}

KEGTRBNG

4

>30% on any secondary) were s

excluded and sultable loss gﬁﬁ 4{‘%“
corrections applied. ' /f’w+'
o] 2 4 6 [ g DI 6

E Gev —*

The errors shown 1in

Fig. 9 are only statistical. Fig. 9 Preliminary data on re-

There are, in addition, possible
errors arising from flux
uncertainties and rate
corrections estimated to be

+7% for E = 2-8 GeV, and
increasing to +12% for

E = 12 GeV; and those from

the correction for the energy
resolution, which are believed
to be of the same order. Thus,
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evaluation of the CERN GGM
total cross-sections, corrected
for energy resolution. The
neutrine cross—-section data
below 2 GeV is taken from the
earlier paper, and the lines
are the previous linear fits.
The triangles indicate neutron-—
proton average cross—sections
from ANL.
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in Fig. 9, the statistical errors should be increased by V507

in order to take account of systematic effects. The lines in
this figure are the linear fits previously published®. Included
in Fig. 9 are the nucleon-averaged total neutrino cross—sections
from the ANL experiment, which are in good accord with the CERN
values.

Fig. 10 shows the updated CERN values for the cross—section
ratio R = ¢gV/gY. The ratio should be largely independent of some
of the systematic effects, notable those from flux calibration and
energy resolution corrections. The systematic uncertainty in R
is estimated to be 5%, as
quoted previously. The mean
value of R over the range

TOTAL CROSS SECTION RATIO R = g']o”

2-14 GeV is 0.37 * 0.02, 06 - GoM FREON  E > 2GaV
as compared with the wvalue T (123523 gz::siz)
0.38 + 0.02 given pre- 0s | ®
viously.
At high energy, 20~ G4 1
200 GeV, total v and ¥ ~§»} 037:002
cross—sections have not as yet ;| '%
been determined with the

precision of the low-energy
CERN data. However, all the 02 1
experiments to date (HPWF,

CALTECH-FERMILAB, and the o1 |

15' hydrogen chamber data)

are completely consistent E GeV—»

with linearly~rising cross- o 2 Z : 3 B 12 "

sections to the highest energy.

urthermore, the values of . . .
F FMWOTE, 1 Fig. 10 The cross—section ratio

the slope parameters in . .
the CALTECH-FFRMILAB narrow- Cp ained from the data of Fig. 3.
The calibration errors are of order

band data are in agreement 57
with the CERN numbers. v
(See the report of

B. Barish at this conference.)

I1Tb Neutron-Proton Cross-Section Ratios

Two measurements of 0"“/0\)p in deuterium have been reported,
from the ANL-Purdue collaboration® and from the BNL experiment
(paper by N. Samios in these proceedings). Fig. 11 shows the ANL-
Purdue ratio as a function of energy. Below 2 GeV, the elastic
channel on neutrons tends to dominate and oVP/oVP is correspondingly
large. Table 2 summarizes all results to date. The CERN experiments
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Table 2

Values of o {vn) /o {vp)

Laboratory Energy Ratio Authors
(1) ANL (H,,D,) E> 2 1.4 + 0.3 Barish et al (1975)°
E> 1 1.4 + 0.14 % A e

(2) BNL (H,,D,) o > 0.8 Lo4 s 0.16f Cazzoli et al (1975)
(3) CERN GGM C,Hg E> 1 2.1 + 0.3 Haguenauer (1975)7
(4) CERN 1.2 m. )

C,Hg E> 1 1.8 + 0.3 Myatt and Perkins®

(1971)
CERN 1.2 m :
CF,Br E>1 1.3 + 0.3

(3) and (4) were in heavy liquid and attempted to identify the
events on neutrons and protons — a8 is done in deuterium - on the
basis of charge balance. Such

methods involve unknown (and Neutron / proten cross-section
probably large) systematic ratio (ANL~ PUROUE)
errors on account of nuclear 10 ¢

(charge—exchange) effects

and the results are inherently
much less reliable than the
deuterium ratios. The cut in
hadron energy v > 0.8 GeV

in the BNL data is intended to
remove quasi-elastic events.

Predictions of +++

v .
"% /0" are based on fits of 5

quartk /antiquark momentum ~w+«— |

oloVP s
o

distributions to electron T

1

scattering data. The values

obtained range from V1.5 to

2.5, and apply of course to E,{GeV)

the deep inelastic region,

whichis well above the Fig. 11 Neutron/proton cross—-section
typical energies of the ratio for neutrinos, ANL-Purdue.
present experiments.
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IV STRUCTURE FUNCTIONS AND SCALING

Perkins 11

The CERN Gargamelle analysis of inelastic cross—sections in
terms of the absolute values of the structure functions Fp and Fgq,
has already been published® aud we report here preliminary results

from a re-analysis with improved statistics.
from runs in heavy freon (CF3Br).

The data is taken

The analysis is carried out under the simpiifying assumptions:-

(1) Charge symmetry inyariance,

This implies neglect of the

Cabibbo angle (sinZBC = 0) so that one can write Fi“n = 7;7p,

Fi'n = ;P (4 = 1,2

(i1) 2x F1 (x) = Fo(x) (Callan-Gross relation).

(1i1) Isoscalar target (n/p = 1.19 in freon).

The Bjorken cross—section is
dzov,v
dxdy

where x = qZ/ZMv, v = v/E and F,, F, and Fg refer to a neutron-

33},

2 .
_ G°ME Mgy
-2l a-y SR+

2x L (x) £ (y - %—) xF, (x)]

proton average. The corrections fofr the finite Cabibbo angle, and
the fact that the neutron-proton ratio is slightly different from

unity have been discussed before

they are at the level of ~37

and can be neglected. The 1974 analysis was carried out with the
"standard" SLAC scaling cuts W > 4GeV , q? > 1 GeV;

Fp and xF3 are given in Fig.

12.

the results for
Note that, because of the

relatively low beam energy, there is little information for x < O.1.

An attempt has been
made to extend the values of

¥7 and Fy to small x, following
the observations!l at SLAC on
the approach to scaling at low

q2. In electron-proton

scattering, it has been found

empirically that, at low g2,

Fig. 12 Values of the structure

STRUCTURE FURCTIONS FOR EVENTS JN THE SCALING REGIDN

1z
—--toddied by Feemi eoton
& measurgraent erirs

i

XF{x)
5s

a1 Gev?
wi»e Gev?

~e— Curve Computed trom
emprical fil 1o electron

08 16

functions Fp(x) and xF3(x), evaluated in
the scaling region q2>1 GeV , W GeV ,
as published by CERN GGM collaboration .
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vwzep(x,qz) i FZEP(X) . [:1 ~ Weg.(qz)} @

f

W2 > 4, all g? scaling
region

W2 > 4, ¢ > 1)

where Fp, the value of vWp in the scaling region, depends om X
only, and Wef(q?) is the structure factor for elastic scattering:-

W, @?) = [6.2@%) + (2?/4M)G 2 (@2)]/[1 + q*/aMP]  (5)

Here, p is the proton magnetic moment (= 2,79 n.m.) and the elastic
form factors have the usual dipole form

Gg@®) = Gy(@®) = [1 +q*/0.71]72 (6

The behaviour (4) is expected theoretically for proton targets
in the closure approximation; it has not been tested experimentally
for neutrons. It is not clear what is the appropriate correction
in the neutrino case. If a similar ansatz applied to weak scattering
on nucleon targets, we could write

[ . dcei(qz)/dqz

doegv(o)/dqz {7)

-1

— 2
p2,3(x) - Fz’s(xrq )

{ f

scaling W2 > 4, any g?

The elastic cross-section is however a function of neutrino
energy E; in the high energy limit (ME>o)qQJ it has the asymptotic
form,

doei(qz)
ooy = L+ a??/4] 62+ 2%6 2 + ) (8)

ez(

where u = u, - yp = 3.7 n.m., A = 1.25, and Gy and G, are the axial
and vector %orm factors. Tor simplicity however we have assumed
that the corrections to the observer cross-sections are just given by

v,y v,V -1
d“deXl G @) .| - L (9)
p A (1 + q2/0.71)*

scaling W2 > 4, any g2
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This formula involves somewhat smaller correction factors than
(7) and (8); however, the difference is comparable with that arising
from the uncertainty in Gp (see equation (1)) and arbitrariness
in fixing the appropriate value of E. It tuyrns out in fact that the
statistical errors in the neutrino data are larger than these
variations in the correction factors, in the low q2 region where
the effect is important.

The analysis has been carried out on 2212 neutrino events
and 873 antineutrino events of energy 2.5 < E < 12 GeV, over which
range the fluxes are known with fair precision. After applying the

2

V3
{o with closure correchion 4 < W23 Gev

o without « 25< E <12 Gev
eN
—=~ 5LAC 3655 (x) . :
4 o< We 23GeV
‘( with smearing * Pt RN

e~ 3 Fy fron M1 10 elecioprodiction

o withoul «

“, + 1
P Hﬁ

{l with ctosure coreection

'IF 06,
04 f ?
L 04 // }
oz} \\ o _‘_’_7_»__/ \
. . ) _i_\\ - <] N N . A—%\-‘
o [+ ] 4 6 0w 7 PR w T oo 2 W & o0 7 « 6 10
e .
Fig. 13 Value of Fy(x) evaluated Fig., 14 xF3(x) evaluated from

for events of W > & GeV and all
q?. Events with low q° have been
welghted by the factor in equation
(9). The curves are those from
the SLAC experiments analysed in
similar fashion. The results are
preliminary.

the CERN GGM events in the

same manner as Fop(x). The
dashed curve was calculated from
fits of quark distributions to
electroproduction.?

cut 4 < W < 23 Gev?, 635 neutrino and 156 antineutrino events

survived. Fp(x) and xF4(x) were evaluated from the double differential
cross—sections:- 5
1d%° 1 d%
FZ(X> _ ﬁ E dxdy E dxdy
GM 21 -y + y?2/2)
1d%" 1 4%
E dxdy E dxdy
F r =
) T THa Y
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after applying the correction (9). Particular attention was paid

to the removal of background due to (i) neutral current events with

a leaving ©¥ or 17, simulating a charged current event (ii)

"wrong sign' charged current events ~ for example, a background
neutrino event in antineutrino film, with a leaving w%, simulating av
antiveutrino interaction. These backgrounds were evaluated from
observations on unambiguous neutral and charged current events.

The resulting values of Fo(x) and xFy(x) are shown in Figs.
13 and 14, computed with and without the weighting factor (9). 1In
Fig. 13, the curve shows the electroproduction data’! multiplied
by the canonical quark-model factor 3.6, and "smeared" in accord
with the measurement errors and for Ferml motion. The curve 1in
Fig. 14 is deduced from an empirical fit of quark momentum distributiors

to the electroproduction data.'2,?

Fig. 15 shows the y distributions
obtained from the Gargamelle data. These "2
were averaged over the range x = 0-0.4;
the W* cut restricts the useful range of i
y from 0.2-1.0. Tt should be empha-
sized that the background corrections to e e tae
antineutrino data are particularly . o8
severe at large y, since here, neutral | %
current and wrong-sign muon background eo1e
has its maximum effect. In the final i
bin vy = 0.8 - 1.0, the antineutrino
cross—section is reduced by almost a st
factor 2 from its raw value. |

NELTAND

The curves in Fig. 15 are those o f&“ N?;;M
deduced from the relative magnitudes r \E%J/
of SxFy"Ndx and /¥yYNdx previously — _fdw
determived; the ratio is B = 0.80.06, oo e e
and this mean value for the V-A
interference term provides a good fit, Fig. 15 The values of
thus checking the internal consistency (n/G2ME) do/dy calculated
of the data. from the CERN GGM data. The
curves are those computed
The results of this pre- from the mean values of F,
liminary analysis are summarized imn and xFq averaged over the
Table 3:- range x = (~0.4. Because

of the cuts on W and E,

no useful data exists for

y < 0.2, The data is
corrected for neutral
current and "'wrong sign muon'
background.

1
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Table 3

Scaling Functions (CERN GGM)

0.8

N
s F,V dx

fXFSdeX <B> = fxF R=<"/g" > scaling

3/fF2

0.47 + 0.02

0.38 = .03 0.80 = .06 0.43 & .04

Note that, contrary to what has sometimes been stated!d,

the G/o ratio in the scaling region is not substantially different
from the average value (Fig. 10) without scaling cuts, at least iun
this energy raunge,

In order to compare with the high energy data, we compute

the moments of the neutrino/antineutrino x distributions in the
scaling region:—

Table 4
15"
CERN GGM (W2>4)  CALTECH/FNAL!3  FNAL/MICHI®  HPWFl®
vN VN vp VN
x>’ 0.26 + 0.02 0.26 + 0.02 0.22 0.22 + .01
<x>" 0.25 + 0.02 0.19 + 0.02 - 0.23 + .ol
o/lrQ)
+ 0.13
= (1- 10 £ . . - -
(1 <B>)/2 0.10 £ .03 0.10 _ 0. 09

at the higher eunergies.

(1}

(1i)

the mean values of x tend to be somewhat lower
This point 1s discussed later.

Ou average,

To summarize the CERN GGM data, we can ceonclude that:-

The cross-sections observed are cousisteut with the hypothesis
of charge symmetry.

The values of Fy and xF3 are iu agreement with the gquark model
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(ii) predictions from electroproduction (or equivalent
assumptions*)}, and this agreement seems to extend even
into the region of low x (+.01).

(Lii) The momentum fraction carried by (non-strange) antiquarks
is 10%Z.

V  STRANGE PARTICLE PRODUCTION

The general question of strange-particle production, and
the lack of any evidence for anomalously high rates, which would
signal new quantum numbers (charm), has already been discussed by
B. Roe and N. Samios in these proceedings. Here I simply want to
discuss the AS = 1 rates in the context of the quark model and the
antiparton densities in the nucleon.

Table 5 summarizes the information on strange-particle (SP)
events yielding 3C kinematic fits in the hydrogen/deuterium
experiments. 1In these cases only can one distinguish unambiguously
between AS = O associated production (AP) and AS = 1 processes.

Table 5

Strange Particle Events giving 3C Fits

No., No. SP No. No.
Laboratory Events Total  Events No, Ap AS=+AQ AS=—AQ
ANL (VH,, 600 6 4 2 (k*, x°) 0
D,) :
o (vVHy, 560 4 2 1(K®) 1 (18
2 {Ar 37 )
FNAL (sz) 500 5 5 0] O
TOTAL 15 il 3 1
* The famous ratio szN/erN = 3.6 is predicted on more general

grounds, From CVC, we expect FZvN(vector) = 2erN (isovector) =

1.8 FgeN (total), since in photoproduction, the isoscalar contribution
is known experimentally to be ~10%Z. Chiral Symmetry(|V| = |A|) would
then predict Fy"N (V and 8) = 3.6 F,°¥.  Note that |{v| = |4| is a
necessary counsequence of spin } partons, and that the triplet quark

model actually predicts 107 isoscalar contribution in electroproduction.
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In two of the cases of single X produrtion, a K°g is
observed. Thus they could be due to either XK° or K°; I have
assumed them to be K°. With this assumption, one can estimate
very roughly the (AS = +AQ)/(AS = 0) cross-section ratio. Allowing
for the K° detection efficiency (307), and the fact that only half
the total events will be above strange particle threshold (ANL and
BNL) or be of low enough energy to yield 3C fits (FNAL), one finds

c”(AS = +1) 7

~ Tegoyz v O-0L

o (total)

In the quark model, nmeutrinos must scatter off antiquarks in
order to produce XK* and K°:-

v+ A+ p +ou

The expected rate for such transitions will be (assuming
an SU3-symmetric QQ ''sea'):—

(1 - B) tanzec = 0.01 + 0.003
for tanzec = 0,05 and the value of <B> = 0.80 + 0.06 from Table 3.
The data in Table 5 thus give further support to the quark model
and the previous estimate of the "sea' contribution (Table 4).

VI ANOMALIES IN THE X AND Y DISTRIBUTIONS AT HIGH ENERGY

Via The Distributions in x (x = q°/2MEhadron)

The differences between some of the x distributions in the
high energy neutrino/antineutrino at FNAL and those expected from the
SLAC data have been emphasized previouslylS. These differences are
illustrated by the first moments of the x distributions, summarized
in Table 4. The values of <x> in the CERN GGM experiment are in
good agreement with the expectations from the SLAC data, whereas the
FNAL distributions are more peaked to low x. The 15' vp distribution
and that from the HPWF experiment can be found in the reports by
B. Roe and D. Cline respectively. The neutrino data from two
FNAL experiments and the CERN experiment, all normalized to the same
area, are shown in Fig. 16, together with the predicted shape from
the Bodek f£it to the SLAC data.

One should remark that the FNAL bubble chamber data is on
hydrogen, whereas the rest refer to isoscalar targets. A g}ightly
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more peaked distribution is therefore expected in the former case.
Furthermore, it is precisely in

the regiocn of small x that the

major background corrections

for neutral current events are %—:’- NEUTRINOS

required in the hydrogen

| N

bubblg chamber data, since at r o FNAL 15 up €216-200 464 Events

low q- the identification eof ' : ENAL MPWE uN. Al E, 1675 Events

the outgoing muon is least x CERN GOM q?>1, w? >4 200Everts

certain. Typically, the . 2% bogek Fu

correction in this region 180+ -

is 207 or more. Hence the L __&: ]

main discrepancy rests with “{t~7

the HPWF data, which indicates 120 = =

a significant excess of events T

for x = 0.1 - 0.2. A similar i

situation obtains in that ex- 8 |- fﬁﬁ\ .

periment with the antineutrino Ny

x distribution. i = 1
40 —4»«\ ]

While it would be __*_jy*

unwise to conclude too much ] _Jﬁi\ )

about the high energy data until oL . 1_. . 1 _. Fa*éiaémol

there is better consistency ¢ 62 04 0% 08 10

between the various experi- X

ments, which have widely Fig. 16 The x distributions for

different problems regarding neutrinos. The curve is a fit to

geometrical acceptance, the electron—deuteron data at SLAC.

background, and resolution, Note that the two high energy experi-

there are certainly indications ments at FNAL indicate an excess of
of departures from the scaling of events for x <0.2 and a deficit
distributions of the low for x > 0.2, All distributions are
energy electroproduction data. normalized to the same area.

The reported departures from

scaling in high energy muon

scatteringl!? are in the same direction as these effects, and lead
aiso to x-distributions peaked to lower x at higher ¢? values.

Obviously, changes in <x> with energy will be reflected in

changes in the slope of the v-plot (<q2>/E = 2M<y> = 2M<xy>), which
are also observed.

IVb Anomalies in y Distributions (v = Ey,dven/Eo)

The most striking anomalies in the high energy data have
been reported in the antineutrino y-distributions by the HPWF
group in their Fermilab experiments.!3218212220 pi, 17 shows
the most recent data'®. The y~distributions for neutrinos are flat,

for all x values and all energies. The antineutrino distribution,
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for x > 0.1,

is consistent with being flat.

distributions which are flat,
absolute extreme cases:
which,

falls off as (lﬂy)z, whereas for x < 0.1,

Perkins

the distribution
According to our present ideas,
or go as (1-y)?, represent the two

it is hard te imagine any physical process
averaged over a large neutrino energy range, will cleanly

separate the y dependence into these two extreme distributions,

simply by a cut in x.
not be taken too literally as

Therefore,

the curves shown in Fig. 17 should

representing the data; the observed

points are also consistent with a more rapid fall off with y for

x < 0.1,

much poorer statistics,
behaviour — see Fig. 18.

In the HPWF data, the
and antineutrino samples has
been adjusted so that, for
x > 0.1, dN/dy at y = O 1is
equal for neutrinos and anti-
neutrinos (in accerd with
charge symmetry).

There are two dis-
tinct aspects of the HPWF
anomaly in the region
x < 0.1:-

(i) The y distribution
for antineutrinos
appears to be flat.
(ii) At y v 0, dN/dy for
antineutrinos is
smaller, by a factor
w3, than that for
neutrinos. Obviously,
this effect depends
on the mormalization
procedure, whereas
(1) does not.

and a less rapid fall-cff for x > 0O.1.
be peinted cut that the Caltech-Fermilab experiment!3,
does not observe evidence for such anomalous

it should also
with however

relative normalization of the neutrino

—r —;E T —-r ——
HPWF HPWF
® neutring | ASG 586)

# anhineuirmo

+ {2227288)
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Fig. 17 Corrected y distributions for
neutrinos and antineutrines in the HPWF
experiment!®, showing the anomalous
behaviour of the antineutrino distri-
bution for x < 0.1. The figures in
brackets give the observed and the
corrected numbers of events in each
sample. The relative numbers of
neutrine and antineutrino events are
normalized by requiring that, for x > 0.1,
the two cross~sections should be equal
at y ~ 0.

Regarding the feature (i), it has sometimes been suggested
that the flatness of the y distribution can be attributed toc large
antiparton contributions at small x (for equal parton/antlparton

contributions,

both neutrinos and antineutrinos).
that antipartons could have such a big effect.
19 shows the ratio (d5/dx)/(do/dx) in the scaling region deduced
from the CERN GGM data on Fp and xF3 (Figs. 13 and 14).

Fig.

the y distribution would have the form (I-y+y°/2) for

There is no evidence however
As an example,

The ratio

is about 0.4 everywhere except possibly at very small x (<0,02), and
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clearly the assertion that Q » Q for x < 0.1 is completely in-
consistent with this data. It
is of course possible that the
"sea" contribution is larger
at the higher energy, but it
is impossible to verify this
directly without reliable

and detailed measurements antineutrina

of the cross—section ratie 30 - 30 -
as a function of x.

CALTECH-FERMILAB
corrected y distributions x < 041
(normatization for x > 0-1)

The difference 1in

magnitude (ii) of the 20 1 20 1

neutrino and antineutrino

cross-sections at small vy is _ % ) neutrino
the more crucial aspect of 10 10 -

the data, since it implies

a severe violation of

charge symmetry. The reason .

for this is that, independent 0 y 1 0 y 1
of scaling, g or vV cuts, or

the Callan-Gross relation, Fig. 18 y distributions for

any admixture of V and A % < 0.1 observed in the Caltech-
coupling, together with the Fermilab experiment. WNormalization
hypothesis of charge procedure as in Fig. 17

symmetry, leads to the
following positivity constraints:-—

- -2 8(q23V9Y) - Z2
=y > 5@y 2 &Y

Thus, for y = 0, 0= & is a necessary consequence of charge
symmetry, and the observation § ~ 0/3 is a clear and unambiguous
indication of a large violation. (It should be noted that, to
the extent that the Cabibbo angle is pon-zero, the cross—sections
in the conventional model alsc violate charge symmetry, but only
to the extent of sin26C ~ o 5%).

It is appropriate to point out that the apparent break-
down of charge symmetry in the HPWF experiment occurs in the
region of low q? and v; for example, the first point in the
antineutrino distribution for x < 0.1 has average values x =y ~ 0.05;
thus, taking the mean energy as ~50 GeV, these events will typically
have values of q® ~ 0.25 and v ~ 2.5. This region is also covered
by the CERN data (but at a lower energy and correspondingly higher
v values), where no violation of charge symmetry is apparent. If
the effect is associated with the nucleon vertex, it should
depend only on q% and v, and thus the discrepancy is surprising.
However, energy—-dependent effects could arise at the lepton
vertex (e.g. mnew lepton productien).
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The HPWF anomaly of
course appears in other forms.
if the data is analysed in
different ways, for example

in plots of Wor of do/ dq?. 1 ANTINEUTRINO [ELTRING CROSS-SECTION RATIO

The difference of the last 2500 xF00 {H_SCALIMG REBI:  (CERN GBM)
x1—xFalx

quantity for neutrinos and FEXSIEEAR)

antineutrinos is related to 10

the Adler sumrule?l. For a

purely isoscalar target, o8]

this states that, at fixed 06
2
q©,
i ottt
o dOVN dovN 021
Lt WE [ - . = A (]_O) = zmy
E > e G dg dq o 2 i & o 2 L6

where the quantity A is a
direct measure of the
deviation from charge
symmetry invariance 5. Thus
A =0 in the GIM (SU4)

quark model, and

A = -(3sin®6.)/2 = -0.07

in the GMZ (SU3) model.
Although the nuclear targets
(Fe, liquid scintillator,
freon CF3Br) comsidered
here have n/p # 1, the net
deviation of A from zero is
less than 0.1 in these models. In some hadron models, A can be large;
for example A=1.5 in one model with an extra (V + A) piece to the
charm current??,

Fig. 19 The value of &/0 plotted
as a function of x, and applying to
the scaling region. The ratio is
calculated f£rom the values of Fy

and xFq (Figs. 13, 14). 1In the
quark model, a ratio of Lr3 is
expected in a region of x containing
quarks only, and a value of 1 where
there are equal quark and antiquark
populations. Antiquarks appear

to be impoertant only at very small x.

In the scaling limit, the Adler sumrule may be written in the
alternative form, setting V = q2/2ME:-

e o |ag¥¥ aw ¥ = a4 (11)

V+ 0 G?|dq? dg?

scaling

This form is more convenient in practice than (10) since,
on account of "precocious scaling':—
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o

N 03 . o
preli v (125 o] ,

- d o1
= =33 (c/2ME) = X

where ¥ is the total number of -
events in the sample, o the 5 o
slope of the linear energy %(%&) .
dependence of the total cross— 01 :
section. In fact, when do/dq? p
is plotted as a function of v,

the distribution appears to be
almost energy-independent —

see Fig. 20. Thus, this form oord
is useful for comparing the 4
low and high energy data,
even though neither will

be in the scaling region o
in the 1liwmit of very small v. LJ

ANTINEUTRING DATA (GGM FREON) |

000t

oo . 01 10
Fig. 21 shows the vzazve
quantlty
(n /6% (d0" 1% do” faq?)
plotted as a function of
v for different energles,
using the CERN? and HPWF!®
data®* While the two sets
of data are in excellent
agreement for v » 0.1, the
CERN data converge towards zero as v > 0, while the HPWF data
actually reach a maximum there. Note that the variation with energy
inside each data set seems to be small, and it appears therefore
there is more likely a real discrepancy between the experiments,
rather than a §radual transition from the low energy to the high
energy region.

Fig. 20 The variation of do/dg?
with v = q2/2ME = xy for anti-
neutrinos. TFor all energies in

the range 1-12 GeV, the points

tend to fall on a universal curve,
as expected from precocious scaling.

The large intercept at v = xy = O in the FNAL experiment
is of course a necessary consequence of the abnormally low anti-
neutrino cross—section at small y and small x. (The entire
effect in Fig. 21 is accounted for by a deficit of about 50 events
(y < 0.2, x < 0.1) out of a total of about 1000 (see Fig. 17).)

* As far as is known, the same coefficients ¢ were assumed
in the two analyses: (n/2MG2Y o = 0.24 for neutrinos and 0.090
for antineutrinos (Fig. 9). The CERN GGM data in Fig. 21 includes
new results of greater statistical weight than those given by
Deden 35_51:9
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It is of importance here to
emphasize that the total cross-—
sections and cross-section ratios
required in the Fermilab analysis
have been assumed and not measured
directly; that quite drastic
changes to the assumed values of «
or R would be needed to remove the
apomaly at v 0; and that the
agreement with the CERN results for
v > 0.1 would then be destroyed.
Leaving aside the Adler sumrule,
it 1s also fair to point out that
the anomaly in the y distribution
itself disappears 1f the cut at
x = 0.1 is removed. Fig. 22
shows the total HPWF antineutrino
data, together with that, at
similer energy but of much
inferior statistics, observed
by the ANL-Carnegie-Mellon
group® in the 15' chamber
(Vp). The curve is for
<B> 0.8 as observed in the
CERN GGM experiment. All three
experiments are now compatible
with a unique value of <B>.

When the same procedure
is applied to the neutrino data
(Fig. 23) the distributions ob-
tained are not very flat (as usuall
and indeed give poor y? fits for an
are given simply to illustrate the

determiving reliable y distributions.

impression of the experimental unce
in the bubble chamber data, there i
from neutral currents, distortions

errors etc., and the correction fac
to the raw data are stated to bhe as
mentioned previously, corrections t
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Fig. 21 The differential cross-
section difference (n/G2)

(dg /dg? - do/dq?) as a function of
v = q2/2ME. Data is given in
various energy bins, from the

CERN GGM and HPWF experiments.

As E > », the intercept at v
is given by the Adler sum rule.
The large value of the intercept
in the HPWF data 1s asscciated
with the abnormally low anti-
neutrino rate for x < 0.1 and

y < 0.2 in Fig. 17.

0

v supposed) or even monotonic,

v value of &>. These results

experimental problems in

The data give a vivid

rtainties; for example,

s severe background arising

due to energy measurement

tors which have to be applied
large as 40% at large y. As

o the raw cross~sections at

large y in the GGM antineutrino data (Fig. 15) are even bigger

than this.
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dN
== NEUTRINQS

dy
di
W ANTINEUTRINOS
. . . . @ FNAL wp 460 Events E 4S5
_ o FNAL HPWF wN 1628 Events E1A
o FNAL KPWF UN 777 Events E1A 160 4

o FNAL Up 83 Fvents £3t
1 | ALL E ~ 15~ 200 GeVY
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\ .
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80 —+—_+§_"_‘* {;‘<s> =05
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y ¥
Fig. 22 Corrected y dis- Fig. 23 Corrected y dis-
tributions from FNAL anti- tributions for FNAL neutrino
neutrino data without x data. No single value of <B>
cuts. The curve <B> = 0.8 gives a good fit to the
is a good fit to the CERN data, presumably reflecting
data (Tig. 153). the existence of uncertainties

in the corrections applied.
The corrections in the vp
bubble chamber data are
substantial (407 at large y).

Vic Conclusions on the x and y Distributions

Tt is difficult to draw any very reliable conclusions in
the present highly confused state of the inelastic data. However,
one can make the following remarks:-

(1) Several experiments see indications of an enhancement of
the cross—sections at small x (<0.2), or of a depletion
at large x, relative to the SLAC scaling distributions.
The general trend is in the same direction as that reported
in inelastic muon scattering.

(ii) Large anomalies in the antineutrino y distributions at
high energy and small x have been observed (HPWF), but
these results are not so far confirmed by the CALTECH or
FNAL bubble chamber experiments, and appear to lead to
some inconsistencies with the CERN data, where it is
possible to make a wvalid comparison.
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(ii1) The existence of the dimuon events shows that new physical
processes must occur at high energies, and these will
almost certainly lead one to expect some deviations in X
and y distributions, sumrules etc. However, it is not
certain that these deviations will be sufficiently large
to be clearly distinguishable from the instrumental errors
common to all the neutrino experiments.

(iv) Particularly in the high energy experiments, there is an
obvious and serious mismatch between the statistical weight
of the event numbers - several 1000 in the HPWF case — and
the precision with which absolute or retative cross-sections
(gV/cV) are known. Thus, determination of cross-section
differences may be subject to very cognsiderable errors,
both in absolute magnitude as well as in energy dependence.
It also goes without saying that the measurement of
absolute values of differential cross—sections, using measured
fluxes, rather than shapes of distributions, will eventually
have to be undertaken in order to quantify any new phenomena,
and enable a proper confrontation with theoretical models.

VIT LONG-LIVED HEAVY NEUTRAL LEPTONS

VIilia The Kolar Gold Field Experiments

In a recent paper, Krishnaswamy et a12® have reported
evidence for new processes, appearing as multitrack events close to
the detectors in deep underground cosmic neutrino experiments at
the Kolar Gold Fields {(KGF) in S. India. The apparatus employed2|4
consisted of arrays of scintillateors, iron plates and neon flash
tubes arranged in 5 telescopes of area 25 m?, operated over several
years. Fig. 24 shows an example of one of the 5 curious events.

In the experiments at KGF and similar ones in S. Africa
(Case-Witwatersrand—-Irvine), single tracks (muons) at zenith angle
greater than 50° are attributed to interactions of atmospheric
neutrinos in the surrounding rock, and the observed event rates
are consistent with those expected. However, in the KGF experiment,
out of a total of 20 events, 8 have more than one track (either 2 or
3)}. This multitrack rate is rather high. The expected proportion
of muons with accompanying hadrons is <107, since the mean range
of a neutrino-produced muon is of order 5-10 m of rock, that is
large compared with the hadron absorption length. FEven more
surprising is the fact that 5 of the 8 multitrack events have
vertices close (<lm) to the detectors and possibly in the air of
the tunnel. They have been attributed to the decay of new particles
of mass 2 GeV, giving several tracks at wide angles.
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The authors?? suggest that the particles responsible for

these events have lifetimes of order 1079 sec and are produced
locally in neutrino collisions in the rock. The hypothesis has
to meet the difficulty that the cross-section for producing the
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Fig., 24 An example of one of Fig. 25 The expected number of
the multitrack events in the KGF events computed by de Rujula,
Kolar Gold Field (KGF) neutrino Georgl and Glashow, assuming
experiment, observed at 7600’ they are due to decay of long-
depth (700 Kg/cm?). Tra- lived neutral leptons created
jectories are indicated (in in the atmosphere. The curves
projection} by neon flash tubes. are for different lepton masses.

The observed number of events
provide limits on the mass and
the lifetime, T.

new particles has then to be comparable with the total neutrino
cross—section; further, since the bulk of the neutrinos have energies
below 1O GeV, such effects should have been detected at accelerators.

Another explanation has been put forward by de Rujula, Georgi
and Glashow?®. They propose that the events are not of local origin,
but due to decay of penetrating, long~lived neutral leptons L°,
which themselves originate from decay in the atmosphere of charged
leptons L*. These charged leptons are produced electromagnetically
in pairs in stratospheric ecollisions of primary cosmic ray protons.
Fig. 25 shows the results of the computation of de Rujula et al,
indicating that the observed event rate might be accounted for by a
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lepton mass 2-3 GeV and L° lifetime ~10usec. As these authors
themselves stress, the calculated rates are very dependent on the
model employed to describe lepton pair production.

VITb Accelerator Experiments

The cosmic ray results can be compared rather directly with
those from accelerator experiments in the light of the above {or
some other) theoretical model. TIn Table 6 below T have summarized
the results from the various laboratories and detectors, as far as
they are known. The first row gives the proton epergy and the
number of incident protoms on target. In the cosmic ray run,
the local vertical geowagnetic cut—-off energy is 16 GeV for
protons. The effective number of protons is nl St where T, =
omnidirectional intensity (I, = 100 protons m2sec” lsterad™!
above cut—-off), St = 7.10%m?%sec is the product of detector area
and running time. The second row in the table gives the type
of beam and target. The CERN run?’ consisted of a beam dump
experiment, the protons being transported through a vacuum pipe on
to a mercury target at the front of the shield, thus reducing the
usual neutrino flux by a factor 103,

In all the other experiments, a normal neutrino target-
decay path-shield layout was employed. In the HPWF experiment?®
a section of the calorimeter was emptied of liguid scintillator,
so that any events recorded would occur in helium gas or in
aluminium separator plates. The third row in the table specifies
the solid angle AR subtended by the fiducial cross-sectionmal area of
the detector at the proton target.

The geometrical acceptance (proportion of heavy leptons
produced which traverse the detector) depends on the model
assumed for lepton production, as well as the lepton mass. Assuming,
comservatively, that the leptons LY are produced isotropically in
the CMS, and decay isotropically to L°, the acceptance goes
roughly as the product Ej 40 and lies in the range 1073-107% for
all the accelerator runs. TFor the KGF experiment, which employs
an extended rather than a point proton source, the acceptance 1s
unity. The product of groton intensity and acceptance is 2.10 1012
for the KGF run and 10'3-10'% for those at the machines. The
length of the fiducial volume available for recording decays is
about the same, of order 2m, in all the experiments. Thus, the
sensitivity of each of the four accelerator runs is 10-100 times
that of the KGF run, independent of the lepton lifetime T, provided
T > lusec. The fifth row of the table indicates the maximum lepton
mass to which each experiment is sensitive, Only in the FNAL
experiments would leptons of mass >3 GeV be produced.
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Table 6

Cosmic and Accelerator Data on Neutral Lepton Search

CERN ANL FNAL FNAL KGF

(GGM) 121 15t 1A (13°N)
ap (GeV) 26 12.5 300 300 >16
N, on target 4.1010 6.1017 4.10"7 2.10%7 21012
BEAM DUMP wH vH v, N v, uN

(v,VN)
Target
24 12 1400 1400 8500 sec 6
-+ Detector {m)
AR 2.107° 5.107° 6.107° 2.107° 1.0
lab
Integrated 10151 gev|  10%? 10t Ton 101252 Gev
v Intensity (1073 (>1 Gev) | (>10 GeV) | (>10 GeV) | 10'1>10 Gev
normal)
Mo 3 GeV 1.9 GeV >3 >3 -
.
event 2(1.5) - - 2(2.4) 5
Q=0 0 0 J 0 -
KGF experiment: Np X geom. accentance = 2.1012
' 13 . 14

1077-.10

Accelerator experiments: No X geom. acceptance
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The result of the CERN GGM beam dump experiment?’ was that,
out of some 40 events invelving a secondary pion or muon, only 2
occurred in the downstream half of the fiducial wvolume, and had
net longitudinal secondary momentum Px > 0.3 GeV/c. They had
configurations pw °ut and ppu respectively, with energies 2.4 GeV
and 1.2 GeV, ©Neither can be due to decay of a neutral particle
(zQ = 0): the expected number of interactions due to the residual
v/v flux was 1.5.

In the HPWF experiment,28 2 events were recorded in the
fiducial volume, both with an even prong number - thus possibly
of £¢ = 0 - and energies 4 and 7 GeV. 2.4 events were expected from
Vv, V interactions in the aluminium foils. In the ANL and FNAL
hydrogen bubble chamber experiments, no events with even prong
number have been recorded.

In summary therefore, the accelerator experiments observe
no events, or no events above the expected background, which can be
attributed to decay of neutral long-lived leptons. Furthermore,
in case such neutral particles were locally produced by neutrinos,
it should be pointed out that the integrated neutrino intensities
through the detectors in these runs are 2-3 orders of magnitude
in excess of those in the cosmic ray experiment. These completely
negative results, involving sensitivities much greater than in the
KGF experiment, are clearly in conflict with the observation of
53 cosmic ray events. It is therefore necessary to look more
critically at the cosmic ray data. It is unfortunately clear that
interpretations other than those of Krishnaswamy et al need to
be considered. As an example, Fig. 26 shows one of the events,
recorded in this case in an iron core spectrometer at a shallow
level (3650'). Rather than the decay of an upward travelling
particle decaying to 3 secondaries, it is possible that this
event could be attributed to a downward travelling, wide zenith
angle (50°) atmospheric muon which interacts electromagnetically in
the last scintillator, and from which branch off several electron
secondaries.

From the various accelerator experiments, some limits can
be set on the properties of any new heavy leptons:-

(i) If the process envisaged is decay of a neutral lepton 1.°:i-

p + nucleus » Li+-—— |, LY 5, L° , decay

then the expected aumber of decays is of order
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10380(pr0duction)

Nexpected t(y sec) ~ o '
: : 1 ] -

where g is the production i !

cross—section of LY in coll- ‘\\\\\ ; " neon lube tray

isions of protons in the tar- N 27 scinullator

get (or of the pions in the ! ™ '

ensulng cascade), and where L ) LL

it is assumed that the L° R \K\

lifetime» lpsec, so that a B Ly o _

substantial fraction of L° : b— 3

will survive to the detector. | \\\\\\\ 8

Thus assuming the reasonable l magnet .

estimate of o = 107 3%cm? for o] e ‘ N\

electromagnetic production J L “ s g

of lepton pairs, lifetimes in R 7 T

the range 1076 + 107! sec are ——— ~ 7,

excluded. This result 4 ST

applies for lepton masses at

least up to 5 GeV. Fig. 26 Example of a multitrack event
in the KGF experiment, observed in the

(i1}  If the process magnet spectrometer array at 3650’

involved is the interaction depth (340 Kg/ecm?). At this smaller
of a long-lived penetrating depth, atmospheric muons, even at 50°
neutral lepton produced zenith angle, may be important. It is
near the target (e.g. a new conceivable that the event could be
neutrine vi, associated with due to a downward-travelling atmospheric
L), then the CERN beam dump mueon undergoing electromagnetic inter-
experiment sets the limit action in the RH scintillator, giving
electrons and y-rays producing the
tracks in the neon tubes at right.

orod ° Tint. 2.1076%/n cm*

where n is the geometric acceptance of the detector, which is in
the region of 0.01. Thus, for an interaction cross-section

gint v 107 38cm?, oprod < 10-29%m2. This result
applies to lepton masses <3 GeV.

Finally, it is of interest to remark that neutrino experiments,
particularly those of the beam dump variety, offer the possibility
of exploiting the maximum accelerator luminosity in a search for
new and rare processes with detecteors of very large mass. Their
drawback of course is that any such new particles produced at
or near the proton target must be able to penetrate the muon shield,
and such experiments are therefore not sensitive to particles
of T < lpsec or with interaction cross-sections >107<48%cm?.
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In summary, the Table 7 below shows existing limits on heavy
leptons from neutrino experiments,

Heavy Lepton Limits;

Table 7

Neutrino Experiments

Type of Heavy Lepton

Reaction

Experimental Limit

Heavy Muon M+

v + N~ M++...
n

re’v v (15%) M > 2.1 GeV*
e u
o v (30%) M > 7 GeVit
5 .
M uVu i
+ +
Heavy Electron E Vo ¥ N-+E ... No Useful
+ .
Le VR Limits
e e
+
Sequential Lepton vu + N> L «+ vp o+ vy Unobservable?
p+N>L LT+,
o . : “67 b
L = vL+..., vy, interacts Gprod.cint<1o cm
L o 14 L0 decays 107 lsec<r, <10 ®sec

L

* Deden et al, Phys. Lett. 46B, (1973) 281 revised value.

+ B. Barish et al, Proc. XVII Conf., IV-147 (London 1974.
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It is to be noted that if a quasi-elastic cut W? < 3 GeV?,

is made to the HPWF data, the value of the difference

(do/dy? - da/dq?) is consistent with zero at all qZ.

This is to be expected since, at the typical energies involved
(w60 GeV), the V-A interference term for the quasi-elastic
channels (proporticnal to 1/E) will be small. This observed
equality of the v and v cross-sections at small W suggests
that the anomaly observed (at larger W) is not simply due

to the missing of events.
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