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1.  INTRODUCTION

Electroweak interaction processes have been investigated over an energy range from a few
electronvolts (the parity violation in atomic physics) to a few tens of GeV (E = 37 GeV) (the asym-
metry on the reaction e& -+ uji at the electron positron storage rings PETRA and PEP). This energy
range, if measured in terms of the expected masses of the weak vector bosons, is quite small, and
in reality we have until now only investigated the low-energy behaviour. In this domain the phy-
sics is described by a low-energy effective Lagrangian not very different from that proposed by
Fermi in 1934.

A large number of experimental results collected in different reactions are today in agree-
ment within experimental errors with the standard model incorporating SU(2); x U(1) and the GIM
mechanism. At Q2, s << M%o, neglecting the propagator effects, the standard model reduces to an
effective Lagrangian
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where Ji are the charged currents (CC ) of the weak isospin doublets:

(e) - (&)
e’ T My
and Jﬁ is the weak neutral current (NC) described in the unifying SU(2)L x U(1) model by

0 _ 13 _ cin2 em
JA = JX sin® 6 JA .
o = Mg/M% cos? 6 is the relative strength of the CC and NC, predicted by the simplest version of
the model to be one, and sin? 6 is the single parameter of the theory that describes the relative
strength of the SU(2) and U(1) coupling constants. The electric charge, the weak isospin, and the
weak hypercharge of the particles satisfy the relation

Q=T, +Y.

Experimental efforts today are concentrated on the verification, with increasing accuracy, of
the validity of the standard model, which is the most economic one in terms of the number of para-
meters. More accurate experiments can also constrain other models which are variants of the stan-
dard model containing more parameters.

The high-energy neutrino beams at present available at the CERN SPS and at Fermilab give the
possibility to extend into the Q® region 10-200 GeV? the tests of the space-time structure of the
weak current, previously only possible in the Tow-energy region. The data on NC interpreted in terms
of the standard model give an accurate measurement of sin? 6.

The most recent experimental results on the Lorentz structure of the weak current in CC induced
reactions at high Q* are:

i) The ut polarization in the experiment U, Fe + u*X (test of helicity conservation in CC).
ii) The purely leptonic reaction vye™ + u7v,.

iii) The inelasticity distribution of opposite-sign dimuon events (test of the generation univer-
sality of CC in neutrino interactions).
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2. POLARIZATION OF u* FROM THE INCLUSIVE REACTION 9 Fe - u*X

The most general Lagrangian, which is bilinear in the fields of the reaction, gives the fol-
lowing inelasticity distribution for the process!) SN - utx

d )
Ty = 29y = 9)% + 2gy + )1 - ¥)® + (lgg]? + [gp]?)y

+3209p12(1 = 1/2y)* + 8 Re [gq(9g + gp) WV - y/2) .

gj are the coupling constants of the different Lorentz invariant combinations of the spinors par-
ticipating in the reaction. The quantity

y = (Ey - Eu)/E\)

is proportional to the energy of the hadronic system X. The study of the y distribution?) at high
energy is consistent with V-A structure, but the same y distribution could be obtained with a mix-
ture of scalar (S), pseudoscalar (P), and tensor (T) (confusion theorem). The measurement of the
ut helicity can resolve this ambiguity. Helicity conservation is a general property of a gauge in-
teraction, since V and A interactions conserve the helicity, whereas S and P interactions do not
conserve helicity (Fig. 1).

Uy I D 52 RON F
\/ \/ .
! M —et
v
| 1 - / WB hm
! | —
! 1 T
E/’//A\§§§;x yx’//A\§§§:x TARGET POLARMETER
VA SPT 5m
Fig. 1 Fig. 2

The experiment was carried out at the CERN SPS wide-band beam (WBB) using the CDHS detector?)
as an instrumented target where the antineutrino interaction took place, and the CHARM*) detector
as polarimeter of the stopped ut (Fig. 2). The polarization is derived from the measured asymmetry
of the decay positron. The quantity

Ng(t) = Ne(t)
R(t) = N ER G R, cos (wt + &) + const.
B F
is shown in Fig. 3 and is determined from ~ 17,000 detected p+ + e* decays in the CHARM polarimeter.

Ng,p(t) are the number of decay positrons in the backward and forward regions measured at a time t
after the ut has stopped. The best fit to the data is obtained for
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-3.03 + 0.09 ,

R, = 0.11£0.00 , ¢

from which is derived

P = 0.80 + 0.07 (stat) + 0.14 (syst) .
This polarization value sets an upper 1imit to the possible S, P, and T contribution to the CC re-
action at (Q?) = 4.5 GeV? of ospT/0a}1 S 0.25 at 95% confidence level (c.1.).

The u* polarization is shown in Fig. 4a versus the inelasticity y. The data show a constant P
value over the explored range of y. Since the S and P interactions that contribute to the lepton
spin-flip amplitude are zero at y = 0 (Fig. 4b) the value of the polarization at small y can be
treated as a normalization and the value at large y (y 2 0.2) can be used to derive a limit on S
and P contributions which are unaffected by the systematic errors of the integrated poiarization
value
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3. NEUTRINO CHARGED CURRENT REACTIONS ON AN ELECTRON TARGET
The investigation of the reaction

vpe > v,

has been suggested by Jar]skogs) to complement the information on purely leptonic CC reactions until
recently only studied in muon decay: u -+ evJe. The centre-of-mass energy of the reaction is Tow
because of the small target mass, but the energy threshold in the laboratory system is 10.9 GeV.

The cross-section for s > mﬁ and in the hypothesis of V and A interactions is

VA %: 98%5-[(1 +P)(1 -y + (1 -P)(1 + )]

| — T N(vg) = N(v)
P —m—
N(vR) + N(v)

_ 2 _ 2

2
CL + CR
y=EJE,

o

-

GOM ~ 7 50, where Ch’R are the helicity couplings. Figure 5
/’°°ﬂ2$$“5 ’ shows the results from two CERN experiments, the
i = K first from Gargame]]ee) and the more recent one
7 cHARM from the CERN-Hamburg-Amsterdam-Rome-Moscow (CHARM)
/ Collaboration’), The data are in agreement with
| L / left-handed incoming neutrinos interacting on
- — V-A electrons through a V-A interaction or left-handed
-l 0 | current. These data can be used to constrain the
A strength of the coupling of a charged Higgs par-
ticle to the lepton-neutrino system, but the limits
Fig. 5 are not very stringent.

NGg) - N(y, )
N(zg)+ N(2)
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For massless neutrinos the cgupling of uv and ev to the charged Higgs particle -- expressed in
the notation of McWilliam and Li®) -- can be limited by the relation

L L
Iauvaeul <0.6 .

4,  GENERATION UNIVERSALITY IN THE CHARGED CURRENT

Opposite~sign dimuon events in neutrino interactions are interpreted as due to the following
production mechanism

wN -+ u7DX
uty .

The relative frequency of dimuon events compared to that of single muon events is in agreement with

?hezquark-parton model and the GIM mechanism, together with the known Cabibbo mixing angle 6¢
tg® 6. = 0.057)

vd + u7C « sin? 8.
vs + uC = cos? 0.
94 » p*C « sin? R
95 » 't « cos? 8. -

These processes are described by the Lagrangian of the CC in the standard model and expressed
in terms of the following current
()
s) -

cos O sin 6
e @am0 - o C ¢

-sin ec cos Gc

The y distributions are

do” GZMEV ) S )
i [2 cos® 6, s + 2 sin® & _ d]

ch GZMEv ) _ ., 1
Xy - [2 cos? o, § + 2 sin? o d]

and are flat for both neutrinos and antineutrinos.

The amount of strange quarks in the sea s °) js derived from the integrated cross-sections for
single and dimuon production from v and Vv

_ %52/ %
cvzu ovxu
The results are®)
RyR, - £
=S o tqg? 9 —r Tt -5.6x 102
€2 d tg eC T - R:R, .6 %
with
- O=-
R d_0.12 =w = ¥ =0.48 .
u+d VIl

The y distribution of the dimuon events in the more general hypothesis of V and A interactions

gives information on the left- and right-handed coupling of the s, ¢ doublet. They distribution
can be written

gf_(a {o+ (1 -a)(1 - y)2} fly) ,
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where the term proportional to o is due to the left-handed coupling V-A and that proportional to
(1 - o) is induced by a right-handed coupling V + A; f(y) represents the threshold behaviour.

The results from the CERN-Dortmund-Heidelberg-Saclay (CDHS)?) and CHARM!®) Collaborations on a
are

CDHS: neutrinos (1 - a) <0.10 95% c.1.
antineutrinos (1 - a) < 0.30 95% c.1.
CHARM: antineutrinos o = 0.85 + 0.10 .

Figures 6 show the y distributions for v, from the CDHS experiment. In conclusion, the new ex-
perimental results on the space-time structure of the CC weak interaction at Q* =~ (10-100) GeV®
point to a Lagrangian which is well described by V and A currents combined to give dominantly left-
handed coupling.
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5.  SPACE-TIME STRUCTURE OF THE WEAK NEUTRAL CURRENT
INDUCED BY NEUTRINOS

The NC phenomena induced by v at Q% << M%o on a fermion f are represented by a current-current
interaction which, with the quite general hypothesis of V and A interactions, assuming a quark-
parton model, can be written

2ope(VF) = - f%IGYx(] + Ys)v{?YA[fL(] + ) + fR(1 - Ys)]f} .

In the standard model the left- and right-handed couplings, fL and fr, are functions of the single
parameter sin? 9, and are related to the weak isospin and the electric charge. The relations among
these quantities are

flg=Ts _ - Q sin?e

L,R L,R
Qf o« T3 +Y .
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The particles are assigned to an isodoublet if their helicity is left-handed, and to an iso-
singlet if they are right-handed.

The particles belonging to the first lepton-quark generation (ve, e, u, d) are shown in the plane
of the electric charge Q and the weak coupling fL,R in Fig. 7 for sin® 0 = }.

The NC interactions induced by neutrinos are represented by all the Tines connecting the vv box
with all the other boxes. The interactions of the first generation planes are described by six,
a priort independent, coupling constants.

The new experimental results on the NC coupling defined by Fig. 7 are, however, obtained using
vy, beams. We have to assume ue universality in order to verify the lepton-quark universality in one
generation.

6. NEUTRINO-ELECTRON SCATTERING

Neutrino-electron scattering is the simplest reaction in which to study the weak NC coupling of
Fig. 7. The electron is the only free point-like target existing in nature, and the main corrections
to the zero-order diagram of the weak interaction are the well-known electromagnetic higher-order
corrections.

The measured quantity in the neutrino electron reaction is, for the moment, the total cross-
section, measured, for example, in a high-intensity wide-band neutrino beam. The cross-section
value is very low, owing to the small electron rest mass me = 0.5 MeV, which produces a low centre-
of-mass energy for the reaction.

The total vye and Jye cross-sections for the V,A interactions are, in the case of Ey >> mg,

2

2
_ 2G meEv [ ) CR]

o= ™ Ltx
2G2m E c?

- e’v 2 L

d-—T\'—[CR+T].

In the standard model

= - + 2 sin? ¢

2 = = -
+sin®8, gy=c¢ +cp=

| —

‘.

R

= | —

s 2 = - = -
sin® 6 , gA = CL CR

Recently two relatively high-mass and fine-grained calorimetric experiments have obtained statis-
tically significant results on the reactions

Ve Ve (mn
e+ e. (2)
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Table 1 Table 2
Reaction o/E Collaboration Reaction o/E sin?
(x 10°*2 cm?/GeV) (x 1072 cm?/GeV)
+ 0.06
ve e 1.4 + 0.3 VMWOP 1980 ve > ve 1.5+ 0.3 0.24 7 0.04
Gue > Due 1.7 + 0.33 (stat) +0.37 (syst) CHARM 1981 Gue > Gue 1.6 + 0.3 0.27 + 0.05
Table 3
Collaboration sin? 0 Measured quantities

CELLO 0.25 £ 0.15 Ree

JADE 0.25 + 0.15 Ree'Ruu’Auu

Mark J 0.24 + 0.12 Ree’Ruu’Rrr’ o

PLUTO 0.22 * 0.22 Ree

TASSO 0.24 + 0.11 Ree,Auu

In Table 1 are given the results on reaction (1) from the Virginia-Maryland-Washington-Oxford-Pekin
(VMWOP) Collaboration'?) and on reaction (2) from the CHARM Collaboration!Z),

In Table 2 are presented the world average values of these reactions and the sin® 8 value de-
rived from these cross-sections.

In Table 3 is given for comparison the value of sin? 8 measured in purely leptonic reactions
as known before the Bonn Conference from measurements at the PETRA ete- storage ring at s =~ 10 GeV2.
The recent progress in this field is reviewed by Branson at this conference!®J.

The quantity Rff gives the ratio of the measured number of fermion (ff) pairs produced in eg
annihilation to that computed from the one-photon annihilation. Ay is the forward-backward asym-
metry in muon-pair production that measures the electroweak interference.

Figure 8 presents the status of our knowledge of the pure leptonic weak NC interaction, in
terms of the coupling constants gp, gy of the V and A currents. The neutrino-electron scattering
experiments select two solutions: one corresponds to that expected from the standard model.

629




G. Barbiellini

The PETRA data favour one of the two solutions and exactly the one which is in agreement with
the standard model with sin? 6 = . From the neutrino and antineutrino scattering data and the
PETRA 1limit one derives the following values of coupling strength:

+

¢ = -0.25 + 0.014 (stat) + 0.014 (syst), g, = -0.02 + 0.02 (stat) + 0.02 (syst)

0.27 + 0.014 (stat) + 0.014 (syst), gp = -0.52 + 0.02 (stat) £ 0.02 (syst) .

4
+

R

7. INCLUSIVE NEUTRINO-NUCLEON SCATTERING ON ISOSCALAR TARGETS

The deep inelastic reactions of neutrinos on isoscalar nuclear targets are described, in terms
of the quark-parton model and with the hypothesis of a V-A interaction, by the following y distri-
bution (neglecting the contribution of the s and c quarks):

vu~  G*ME
‘—j%y—= — [0+ Q01 - y)?]

d Sut GZMEG
2 = — [Q + Q(] - Y)z]

a0 G°MES
o — {p2<uf + [0+ 800 - 9] + o (ug + QLT + Q1T - y)zl}

G2ME-.
o 2o+ e+ 80 - 92T o + IR+ 00 - 971}
where Q and § represent the fraction momenta carried by the quark and the antiquark, respectively,
in the nucleon (Q = [ x[u(x) + d(x)]dx).

The values of the NC neutrino-quark coupling can be extracted from a simultaneous fit of the
four y distributions or from the integrated quantities

v W] ut

through the relations

2
p2(u? + a7) = R=T"R

2 2 2
p*(ug + dp)
A recent analysis of this type done by the CHARM Collaboration!*) gives

0.305 £ 0.013

p*(uf + df)
0.036

i+

0.013 .

2 2 2
p (uR + dR)

In terms of the weak angle we have
p? = 1.027 £ 0.023 and sin® @ = 0.247 + 0.038 ,

in good agreement with th? value from the analysis of the world data on weak interactions recently
pubTished by Kim et al.!%)., These data can also be interpreted in terms of the standard model where

p =1 and
-l—.g in2 =-g. in?
u 73 sin® 6 , up 3 sin® 8
___] ] 2 _1 + 2
dL -3 + 3 sin® 6 , dR =3 sin® 6 .
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The two recent sets of data from the CHARM and the CalTech-Fermilab-Rochester-Rockefeller (CITFRR)¢)
Collaborations, analysed in terms of the standard model, give

sin? 8 = 0.220 + 0.014: CHARM: Ey > 2 GeV

sin? 6

0.230 = 0.010: CITFRR: E, > 20 GeV .

The NC interaction on proton and neutron targets gives information on the separate values of
the coupling constants for u and d quarks. The most recent experimental results from bubble-chamber
exposures to neutrino beams at Fermilab and CERN give results on uf’R and df,R in agreement with the
standard model within experimental errors that are by now becoming rather small.

Experiments with the 15 ft Fermilab bubble chamber!”) filled with NeH have yielded new results,
presented at this conference:

uﬁ = 0.038 + 0.028

da = 0.007 + 0.026 .

The I1linois-Maryland-Stony Brook-Tohoku-Tufts (IMSTT) Collaboration'®), studying the neutrino-
deuteron interaction in a bubble chamber, has measured the following quantities

NI RS I I

+d2 = 0.47 + 0.05
P a(vp > uX) Lot
R = ofvn > vX) 2d? + u? = 0.22 * 0.02
a(vn + u7X)
= NC =
Riso = 6|, = 0-%0 * 0-02

and derived
uE = 0.19 £ 0.07 , df = 0.11 = 0.03
in reasonable agreement with the previous results.

8.  LIMIT ON THE LEFT-RIGHT SYMMETRIC MODEL
FROM THE NEUTRAL CURRENT EXPERIMENTS

The left-right symmetsic model is one of the most popular extensions of the standard model for
electroweak interactions!?). Some attractive features of this model are: the restoration of a
left-right symmetry in the electroweak interaction at high energies, and an interesting relation be-
tween the electric charge and other important quantum numbers of the particles

where T3L and T3, are the weak isospin for the left and right isodoublets, and B and L are the
baryonic-and 1ep§onic numbers, respectively.

] 20)The weak NC Lagrangian of the neutrino-fermion interaction in the left-right symmetric model
is

NC _ 46 3 _ einz o 18M7 _ 3 einZ g 08My 93 _ csn2 g €M
2 = = [nL(JuL sinZ 8 J°) anR(JuL sin? ¢ Ju )(JuR sin2 6 J°) | .

The quantities ng, nR, and n R are defined as follows:
n =l( + py) n =l( - oy) np=n, = f
L "2 \Pat Pyh LR = 7 \Pp = Pyh R=ML ™ Tpv -
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Table 4
Reaction Parameter SU(2)L x (1) SU(2)R x SU(2)L x U(1)
gy =+ o - % + 2 sin? 9 PA [— % + 2 sin? 6]
ve 1
9 =L "R T2 PA
a 1 -2 sin? 9 oy (1 - 2 sin? 8)
. 8 ! PA
v’ 2 o 2 gin o)
Y - 5- sin® © pv [ —3— sin® 6
8 0 0
a -1 + 2 sin®> @ fpV (-1 + 2 sin? )
[2 -1+ 4 sin” 8 fpV (-1 + 4 sin? @)
euqu . 2 ., 2 .,
Y 5—51n ] fpV (§-sxn e]
8 0 0
h Ta-asino)? | Xy -f,)0 -4 sin?e)?
Vv 4 4 v pV
- 1
e'e” - Pan i 7 (2op = foy)
] 3 ] _ <2
hya n (1 - 4 sin? @) 7 fpv(1 4 sin® 8)

Table 4 shows the relations between the parameters pp, py, and f,y of the Teft-right symmetric
model with the value predicted by the standard model for differeﬁ¥ reactions between lepton-lepton
and lepton-quark. The new data on neutrino-electron and neutrino-quark scattering plus the results
on the asymmetry of polarized electron-deuteron scattering allow the determination of the upper
1imit on the mass of the second neutral vector boson predicted by the left-right symmetric model
without the use of the very low energy data from the parity violation in the atomic transition.

The relation [taken from Sehgal?!)]is

M2 (1 - 2 sin? 8)(np/n_ - nip/nf)

ﬁ§ ) [(1 - sin? &)[1 + (nR/nL)] + 2 sin? ¢ nLR/nL]2

< 0.1

and
M, > 3M1 .

9.  UNIVERSALITY OF THE WEAK COUPLING CONSTANT
FOR THE DIFFERENT FERMION GENERATIONS

In the standard model the coupling constant of the fermions to the weak vector bosons is the
same for all generations. There are new experimental results that confirm this hypothesis.

i) The T lifetime measured by Mark 2 at PEP is2?)
t = (4.9:1.8) x 107 s .

This value agrees, within the errors, with the expected value of 2.8 x 107'3 s computed from
the u lifetime,
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The CHARM Collaboration!*) has derived, from a simultaneous fit to the y distribution for neu-

trino and antineutrino interactions on nucleons for both CC and NC (Fig. 9), the coupling con-
stant of the strange quark to the neutral vector boson compared with the coupling constant to
the down quark.
2 2 2
g st +s
Sk R 4.3910.43
% 4o

in agreement with that expected from universality.

The mgss spectrum of the neutrino-induced dimuon events, as measured by the CDHS Collabora-
tion?) is shown in Fig. 10. The peak at 3.1 GeV is interpreted as the creation of the CC
bound state J/y produced through the Z° and gluon fusion.

From the comparison of the NC cross-section from CDHS for J/¢ production with that for J/y

production by muons from the European Muon Collaboration (EMC) (Fig. 11), in the context of the
gluon fusion model applied to both the photon gluon and the Z° gluon vertex, can be derived a con-
nection between the uGZ® coupling and the c¢€Z° coupling giving

gz
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10.

ii)

iii)

iv)

v)

1)
2)
3)
4)
5)
6)
7)
8)
9)
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CONCLUSIONS
The experimental data on electroweak interactions in the range 107!® <°Q? ¢ 10a GeV? agree
with the standard model SU(2), x U(]) + GIM within the errors, provided sin? 8 = 0.225 + 0.01.

In the explored energy region Q* < MZO the electroweak interactions are still left-handed, at
least for 80-90% of the cross-section. This means that lepton and quarks appear in left-
handed doublets and right-handed singlets.

The weak angle has been measured with an accuracy of ~ 5% in the neutr1no-quark interaction.
Future improvement will come but will be finally limited by the uncerta1nty in the corrections
to the quark .parton model. The new data on the weak ang]e from eé - fF and from %,e -~ \fue
scattering, show that the knowledge of the weak angle in the purely leptonic sector cduld
reach, in the future, an accuracy not very far from that of the intrinsically more complex
neutrino-quark sectgr At this level of accuracy the computation of the radiative corrections
becomes important?

The generation universality of the weak coupling is compatible for the u and t leptons and
for the s, ¢ quarks in the CC, and for d, s and u, ¢ in the NC in the four quarks scheme.

The most definitive test of the standard model may come with the discovery of the Z° at a mass
consistent with the measured value of sin2 8. With the hope that future exper1ments will pro-
duce the Z°, the measurement of sin? © has to improve in accuracy, keeping in mind that the
mass of the Zu (still to be discovered!) will be measured at (1-2)%. Figure 12 shows the
value of sin® 6 measured by different experiments in the Q% range accessible at present.
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| e i
+ ed
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Fig. 12
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DISCUSSION

R. MARSHAK, Virginia Polyt. Institute:

Comment: The speaker is right that the weak hypercharge in the standard electroweak model has no
clear physical meaning and that the 1imit on the mass of Wp is not that stringent. One good way to
study the weak boson masses (without producing the particles) and to distinguish between the stan-
dard model and the left-right symmetry model (with B-L the weak hypercharge) is to do more accurate
measurements of backward-forward asymmetry in ete- - ptu- and similar processes. For example, the
1egt;right model permits "left-handed" weak bosons of substantially lower mass than the standard
model.

B. KAYSER, SLAC & US-NSF :

The value 1.4 + 0.4 for gg/gé is about in the middle between the value you would have if the right-
handed strange quark were in a singlet and that if it were in a doublet (which is the most seriously
considered alternative). Are there plans or possibilities of reducing the present error?

M. ROOS, University of Helsinki:

You concluded that the world is L-handed still, and not R-handed. There are, however, GUTs which
mix some R-handed interactions into the dominant L-handed interactions. The interesting way to

use data is therefore not to test R against L, but to give the upper 1imits to possible R-admixture.
This, from u decay, is today still as large as 10-15%.

I would like to comment on the fits of sin? 6, and p to NC data, that the error of 1.5% on p,
quoted from Kim et al., should in my opinion ge 4.5%.

P. LANGACKER, Pennsylvania University:

A new experiment to study the low-energy neutral-current interaction is beginning at Brookhaven by
a US-Japan Collaboration. The detector has 100 T fiducial volume which is 80% liquid scintillator.

Expected rates after analysis are 150 vp + vp per day and 2ve~ + vye per day.

635






