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ABSTRACT 

Experiments which do not involve neutrinos are the only way to 
answer several basic questions about the neutral weak inter-
actions, and can ~lso be used to confirm what the neutrino exper-
iments have shown. We raise some of the unsettled basic ques-
tions, briefly state what has been learned from the neutrino 
experiments; describe two types of non-neutrino experiments, and 
quantitatively explore the possibility of using them to confirm 
the neutrino results. We close with a discussion of electronic 
neutrino-electron scattering, where, as in the non-neutrino exper-
iments. the interference between the neutral weak interactions and 
another force is stud i ed. 

I"NTRODUCTION 
There are some very basic questions about the neutral weak i~ter-
actions which can be answered only by non-neu trino experiments. 
To begin with, observations of the neutral weak interactions 
between neutrinos . and other particles cannot tell us anything 
about the interactions in physical systems which do not involve 
neutrinos. Indeed, the interactions between, say, e lectrons and 
quarks, and those between neutrinos and quarks, could be mediated 
by entirely different neutral weak bosons and be completely unre-
lated. This possibility may not be very attractive, but it can 
never be ruled out by neutrino data. 
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A second basic question is whether the neutral weak interactions, 
like the charged ones, violate parity. It is impossible in prin-
ciple to study this question using neutrinos. The reason is, 
basically, that only left-handed neutrinos are available. If the 
neutral weak interactions conserve parity, then the c ross section 
for a neutral weak process induced by left-handed neutrinos must 
equal that for the same process induced by right-handed neutrinos. 
But without rtght-handed neutrinos, we cannot test whether this is 
so. 

The observation that corresponding neutrino and antineutrino cross 
sections are not equal does not imply parity-violation. To see 
this, assume that the neutral weak force between neutrinos and 
other matter is a local V,A interaction, so that the most general 
Hamiltonian density can be written in the form 

+ 

In the operators Jf-v , which pertain to the matter with which 
the neutrinos interact, the first superscript indicates whether 
th.:_ operator multiplies the neutrino vector v'y\.lv or axial vector 

VYµ Y5V The second superscript indicates whether cfi\, is 
itself a vector or axial vector. Now, for left-handed neutrino 
and right-handed antineutrino beams, the operators vyµv and 

VYµYsV are indistinguishable. Thus, experiments restricted to 
these beams cannot probe the full structure of (1). In particu-
lar any results consistent with that interaction are necessarily 
also consistent with 
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This expression, being a product of two vectors plus a product of 
two axial vectors, is completely parity-conserving. Thus, neither 
unequal Y and Y cross sections, nor any other neutrino results 
which are compatible with a V,A coupling, can possibly prove that 
the neutral weak force violates parity.l 

A third basic question is whether the neutral weak interactions, 
like the charged ones, are V,A as opposed to S,P and Tin char-
acter. The fir s t generation neutrino experiments are unable to 
confirm this. In these experiments, anything V and A can do, S,P 
and T can do as well. In some of the reactions studied, s,r and T 
can reproduce the effects of V and A approximately. In other 
processes, there is actually a "confusion theorem" that states 
that anything V and A can do, S,P and T can do exactly. Thus, no 
matter how precise you make the neutrino measurements, you cannot 
distinguish between these two cases. This theorem2 was discov-
ered by E. Fischbach, G. Garvey, S.P. Rosen, and myself in the 
course of trying to prove the opposite. 

In non-neut r ino experiments, by contrast, one is typically looking 
for an interference between the neutral weak interaction and some 
other interaction whose properties are known, such as electro-
magnetism. Now, the interactions won't interfere unless they have 
certain characteristics in common. For example, they must contri-
bute to the same helicity amplitudes. Thus, if an interference 
.LS seen, we can use our knowledge of the other interaction to 
make inferences about the properties of the neutral weak inter-
action. 

FINDINGS FROM NEUTRINO SCATTERING 

What have we learned so far from neutrino- scattering? As dis-
cussed by several speakers at this Conference, we have learned a 
great deal about the neutral weak interactions between neutrinos 
and hadrons, which is to say between neutrinos and quarks. For a 
given quark q. the vq interac t ions can be characterized by the 
two constants Vvq and Avq defined pictorially by Figure 1. 

The quantity Vvq is the coupling constant for the interaction 
between a left-handed neutrino (the only kind we have) and the 
vector current of the quark. As indicated by the figure, if 
there are several neutral weak bosons, this interaction is a sum 
over the contributions of all of them. Analogously, Avq measures 
the neutral weak interaction between a neutrino and the ·axial 
vector current of the quark. For normal nuclear matter, which 
consists to a good approximation of up quarks and down quarks, we 
have two vector constants Vv up and Vv down, or equivalently the 
isovector and isoscalar constants Vv~~1and Vv~=O, and analogousl~ 
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FIG. 1 
Neutrino-quark interactions. The parameters Vvq and Avq are the 
co~pling constants for the interactions described by the corres-
ponding diagrams. The constant ci( v6 is the coupling of a left-
~anded neutrino to the i'th boson, Zi, while vi(q) and ai(q) are, 
respectively, the couplings of Z~ to the vector and axial vector 
currents of the quark q. 

A I=l and A I=O. 
vq vq 

A quark-model analysis by Sehgal, 3 followed by work of Hung and 
Sakurai, 4 and Ecker, 5 with confirmation by Langacker and Sidhu, 6 
has yielded intriguing evidence that the four vq couplings are 
given either by the values called Solution A, or by those called 
Solution B, in Table r. 4 
TABLE I 
Solution 

A 

B 

V I=l vq 

.45 + .14 

.92 + .14 

-.92 + .14 

-.45 + .14 

V I=O 
vq 

-.35 + .15 

.12 + .15 

-.12 + .15 

.35 + .15 

Future neutrino experiments which could single our. the correct 
solution have been discussed by Hung and Sakurai, 4 and by Kim, 
Langacker, and Sarkar. 7 However, recently Abbott and Barnett3 
have found that existing data on the process v(v) +nucleon+ v (v) 
+nucleon+ pion already f avor Solution A. It is of gr eat int er-
est that this solution a grees close l y with the prediction of the 
original Weinberg-Salam gauge model. 
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Now, it would be very nice to confirm, via non-neutrino experi-
ments, that the vq couplings inferred from the neutrino data are 
indeed correct. Furthermore, there are gauge models more compli-
cated than the Salam-Weinberg model which predict exactly the 
same vq couplings. Thus, it is ~cessary to go beyond neutrino 
physics to distinguish 'between the various theoretical possibili-
ties. 

I will not say anvthing about the neutrino-electron interactions 
because, as we have heard at this Conference, the situation there 
is experimentally uncertain. Let me just mention that these inter-
actions are characterized by two constants, Vve and Ave• which are 
the analogues of Vvq and Avq• 

THE HYDROGEN-DEUTERIUM EXPERIMENTS 

The first non-neutrino experiments I would like to talk about are 
the searches for parity-violation in atomic hydrogen and deuter-
ium. Experiments with hydrogen are in progress at Michigan, the 
University of Washington, and Yale. The parity-violating effects 
sought by such experiments can come, in general, from either of 
the odd-parity electron-proton interactions shown in Figure 2. • 

FIG . 2 
Odd-parity interactions between an electron and a proton. The 
notation is analogous to that in Figure 1. 
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As indicated by the figure, the coupling constant for the inter-
action between the axial current of the electron and the vector 
current of the proton is called Clp· That for the interaction 
between the vector current of the electron and the axial current 
of the proton is called Czp· For electron-neutron interactions, 
there are two analogous constants C1n and Czn· Naturally, every 
interaction is a sum over the contributions of all the neutral 
weak bosons, in case there are more than one. 

The idea of the hydrogen experiments is due, as far as I know, to 
Lewis and Williams9 at Mi~higan, and I would like to take a min-
ute to describe it. What one looks for is a parity-violating 
mixing between the 2s1 and the 2pk atomic levels. These are the 
levels which normally~are separatJd by the Lamb shift, a separa-
tion which is much too big for weak mixing to produce measurable 
effects. So one eliminates the Lamb shift by applying an exter-
dl magnetic field whose strength is so adjusted that the Zeeman 
effect will just make the two levels cross. That is not enough, 
however, and so in addition one deliberately induces a large 
Stark mixing between the sand p levels by applying an external 
electric field. Then one looks for an interference between the 
s-p mixing induced by the weak i nteractions and tha t induced by 
the Stark effect. 

To illustrate how this is done, let us consider the experiment in 
progress at Michigan. There, as pictured in Figure 3(a), one 
starts with a beam of neutral hydrogen atoms in the 2s½ state with 
the total angular momentum of the electrons, Je, point~ng up 
along the beam direction. These atoms enter a region in which 

-+ there is a static magnetic field, B, to induce the required 
Zeeman effect, and a static electric field, E, to produce Stark 

-+ mixing. In addition, there is an rf electric field, Erf, at a 
frequency which will cause transitions from the initial state to 
the 2s½ level with Je pointing down along the '.)earn direct ion. 
One then looks for atoms in the latter final state downstream of 

➔ ..... ..... 
the region containing the fields B, E, and srf, by looking for 
their decays. Figure 3(b) shows the 2sk and 2pk levels, for each 
value of Je, as a function of magnetic Eield stiength. The exper-
iment is done at the value of IBI where the I 2s1,, -;. > and I 2p1 , 

,...""I Yi 
t > levels cross. The hydrogen atoms start out 4 in the state 
labelled (Din the figure, and then make the transition@ to the 
final state@. Notice, however, that since ~oth the initial and 
final states are spherically-symmetric s-waves, t:he rf field, 
which points in some specific direction, would not induce transi-
tions between them at all were it not for the fact that some p-
wave is mixed into the finals-state. Thus, the transition rate 
is proportional to the square of the p-wave admixture. Since this 
admixture is produced both by Stark and by weak effects, the 
transition rate will contain a term which is first-order in the 
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FIG. 3 (.:i) 

LOOK FOR 
H(2s½, !) 
DECAYS 

The h~rdrogen experiment. The arrows for Je, the total angulor 
momentum of the electron, indicate whether it points up or down 
a long the beam axis. Other symbols are discussed in the te::t. 

Je 
t 

FIG. 3(b) 
The 2s1 and 2p1 levels in an external magnetic field, with field 

~ ~ strengtn increasing to the right. Symbols are discussed in the 
text. 

weak interactions. To isolate this _term experimentally, one 
varies the directi9ns➔o f E,~B, and Irf• and looks for a term which 
behaves as (Erf • l)(&rf • ti). 

In the current experiment, it happens that the hyperfine structure 
of the weakly-mixed levels is such that only C2p can contribute. 
However, future experiments will be sensitive to c1P as well, and 
will also be done with deuterium. 

HIGH ENERGY POLARIZED ELECTRON SCATTERING 

The other kind of non-neutrino experiment I would like to talk 
about is the high energy scattering of longitudinally polarized 
electrons by unpolarized targets. This experiment probes essen-
tially the same couplings, of course, as do the hydrogen-deuterium 
measurements. What one studies here is the asymmetry 

dcr(eR) - dcr(e1 ) 
dcr(eR) + dcr(e1 ) 

(3) 
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where dcr(eR) and dcr(e1) are corresponding differential cross 
sections for right-handed and left-handed incident electrons, 
respectively. A non-vanishing asymmetry would be an unambiguous 
parity-violating effect. 

At SLAC, an experiment is currently being carried out by a SLAC-
Yale collaboration that hopes to study the asymmetry A in the 
deep inelastic scattering of electrons by deuterons and by pro--
tons, and in the elastic scattering of electrons by protons. 

CONFIR.i.~ING NEUTRINO RESULTS BY NON-NEUTRINO EXPERIMENTS 

Now, how can one confirm, via non-neutrino experiments, the vq 
couplings which have been inferred from the neutrino data? The 
idea is illustrated in Figure 4. 

p p 
FIG. 4 
Related ratios of electron-nucleon and neutrino-nucleon neutral 
weak couplings, assuming there is only one z0 , whose exchange is 
represented by the wavy line. 

Namely, if there is only one zO, then one can consider the ratio 
between a pair of non-neutrino measurements, involving, say,the 
axial vector curren~ of the electron, and the vector currents of 
two different combinations of quarks, such as the neutron and 
proton. The unknown electron vertex will cancel out of this 
ratio, leaving a quantity which depends only on quark couplings. 
This quantity must equal the ratio between the coupling of the 
vector current of a neutron to a neutrino and that of a proton to 
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a neutrino, since now the unknown neutrino vertex cancels out. 
In experiments with light atoms, then, one needs to look both at 
hydrogen and deuterium, and consider ratios of the results. In 
polarized electron scattering, one needs to use both proton and 
deuteron targets. (Relations such as that in Fig. 4 are of the 
same sort as those which have been discussed by Hung and Sakurai 
as tests of the single-zO hypothesis. 10 ) 

I would like to present the predictions of the vq solutions A and 
B for various ratios of non-neutrino measurements. In order to 
discuss the polarized electron expe~iment, let us introduce par-
ameters c1P, etc., which will be analogues of the constants C1p, 
etc., in the hydrogen-deuterium experiment. In particular, let 
f1p measure the contribution to the asymmetry A of the inter-
action between the axial current of the electron, and the vector 
current of the quarks, in the deep inelastic scattering of polar-
ized electrons from protons. (~he specific combination of quarks 
sampled in this scattering depends on the kinematical point at 
which the experiment is done. Thus, Clp is not a constant. It 
depends on parton structure functions, and has been evaluated for 
the kinematical point which corresponds to the present SLAC - Yale 
experiment. 11 This has been done using the general analysis of 
polarized electron scattering by Cahn and Gilman. 12 ) In a similar 
way, let Czp measure the co ntribution of the in_teraction between 
the vector current of the elec t ron and the axial current of the 
_g_uarks i~ the same reaction. Let Gld and Czd be the analogues of 
Clp ~nd Czp for the case where the target is a deuteron. Finally, 
let C1e1 be the analogue in the elastic scattering from protons 
of Gip in the deep inelastic scattering. (In the elastic col-
lisioni only one of the two odd-parity interactions contri-
butes. 2) 

In calcula t ing the uncertainties in the various-ban-neutrino pre-
dictions, I did not use the errors quoted for the vq couplings 
in Table I ;. because these are not uncorrelated. Rather, I ex-
pressed the 'Jq couplings back in terms of the neutrino data from 
which they came, 13 and assumed the errors in those data to be 
uncorrelated. 

The predictions of Solutions A and B for the ratios of non-
neutrino measurements are given in Table II. In the hydrogen-
deuterium experiment, the constants Cz depend on the "isoscalar 
axial vector renormalization constant for the proton." This 
quantity is unknown, so I have used the two popular estimates for 
it; 4 , 14 and calculated the predictions involving the Cz's for 
both. As can be seen, the choice of estimate does not make very 
much difference. 

We see from the hydrogen-deuterium part of Table II that the pre-
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TABLE II. Predictions of the vq coupLing solutions for ratios 
of quantities to be measured in the hydrogen-deuterium experi-
ment (H - D), and in polarized electron scattering. 

Ratio 

H-D 

Polarized e 

C1d / Czd 
Ave/Vve 

Prediction of Prediction of 
Solution A 

2 .53 : 1.44 

{ .42 + 
.43 + 

.24 

.15 

.50 

. 53 

1.21 + .15 

1 . 00 + .04 

-.38 + .33 

-2.69 + 5.62 

Solution B 

-. 55 + . 79 

-2. 71 ±. 1. 71 { 
-1.76:t .57J 

-4.44 :t 3 . 45 ( 
-3.31 + 1.97 J 

1.03 + .03 

1.28 + .24 

-3.93 + 3.37 

1.27 °2: .34 

dictions for C1n/C1p and Czn/Czp are fairly definite, both for 
Solution A and for Solution B. The errors are not outlandish, 
and the two sets of predictions, A and B, are distinct. We note 
also that it may not be absolutely necessary to make measurements 
in both hydrogen and deuterium. Namely, if one can measure both 
C1p and Cz in hydrogen , one will . sti ll have a test. Here the 
quantity tRat depends only on quark couplings is not C1p/C2p, of 
course, but this ratio divided by the ratio AvelVve between the 
axial vector and vector couplings of the electron. The latter 
ratio can in principle be determined from v e scattering; in fact , 
M. Baldo-Ceolin reported at this Conference that a cm;1hined anal-
ysis of the Aachen-Padova ve data and the reactor ~~-e data15 
already suggests a value for it. Notice t hat a prec ise value 
isn't needed; the predictions of Solut i ons A and B for (C12/C2 2) / 
(A /V ) differ in sign, and the sign of A / V will be fixea v e ve v e v e 
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once we know which cross section, that for vµe scattering or 
that for vu-e scattering, is the bigger. 

From the polarized electron part of Table II, we see that, by 
contrast with hydrogen-d~uteE_ium , thi_s e~eriment does not look 
so hopeful. The ratios C1d/C1p and Czd/Czp have a tendency to 
be unity, regardless of the details of the weak interaction. 
(This is true not only for Solutions A and B but also for 
various gauge models that one mi ght like to test. 12 ) The ratio 
(C1d/Czd) / (AvelVve), which can be studied using only the exper-
imentally-preferred deuteron target, has the same sign for both 
Solutions A and B. For the ratio C1d/C1e1, the prediction of 
Solution A has a very large error. Polarized electron scattering 
is, of course, a very important experiment; we are saying only 
that it does not look useful for verifying the vq couplings. 

The conclusion I ·would draw from these results is that the hydro-
gen-deuterium experiments do look promising as a way of confirm-
ing t hat Solution t6is right, or else distinguishing between 
Solutions A and B. 

Now, the non-neutrino experiments could surprise us. Perhaps 
they will find that there are parity-violating effects, but that 
these effects grossly contradict the predictions of both Solu~ 
tions A and B. If we accept the neutrino analysis that produced 
these solutions, such a finding would suggest that the hypothesis 
that there is only one zO, which led to our non-neutrino predic-
tions, is wrong! Or, it could be that we will find that all 
parity-violating effects vanish, at least in lowest order. 
However, such a result would also be evidence for more than one 
zO, or el se evidence for something bizarre, such as S,P, and T 
couplings. 

ELECTRONIC NEUTRINOS 

I would like to discuss now a class of neutrino reactions which, 
like the non-neutrino processes, involve an interference between 
the neutral weak interaction and another force. I refer to the 
scattering of electronic neutrinos and antineutrinos from elec-
trons, where the other force is the charged weak interaction. 
(Since the nuclear and heavy atom neutral current experiments 
have been well-treated elsewhere in this Conference, I will not 
discuss them.) 

In spite of the present uncertainty, let us assume that the 
vu-e and vu-e cross sections will be known within the fairly near 
future. Thus, while the ve-e and ve~e cross sections can provide 
some of the same information, let us think of them more as results 

-11-



that can tell uA 5something new. At present, there is a reactor . 
- • l h h ve-e experiment tat as already been completed, and there are 
plans by Chen and Reines for a LAMPF experiment on ve~e. 

The presence of both charged and neutral current contributions to 
Ve- e and- ve- e scattering is illustrated for the ve-e case by 
Figure 5. Corresponding to the figure, the 

e 2 

FIG. 5 
The cross sectioi:i. er for ve- e scattering. 

cross section (r( ve-e) is given schematically by 

( 4 ) 

where !c! 2 is the square of the charged-current amp l itude and is 
known from muon decay, jNl 2 is the square of the neutral-current 
amplitude and will soon be known from v ,1 and v-µ measurements, and 
I is a possible interference term. If it can be demonstrated 
experimentally that the interference term is present, then we will 
learn a great deal about neutral weak interactions. First, we 
will learn that (at least in this process) the outgoing neutrino 
produced by these interactions is the same as the incoming one, 
and not some new particle. It is the same because the charged 
current diagram in Fig. 5 does not change neutrino identity, and 
if the neutral current one did, the two could not interfere. 17 
Secondly , we will learn that neutrino helicity does not flip i n 
neutral weak interactions, which means that the neutral couplings 
are of V, A struc ture. Again, the point is that the charged 
weak interactions preserve neutrino helicity, so, to interfere 
with them, 2he neutral interactions must do the same (at least 
sometimes). Finally, we will learn that, in particular, the 
left-handed electron participates in neut r al weak interactions. 
This is so b~cause it is the left-handed electron that partici-
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pates in the charged interactions; that is what it means to say 
the charged weak current is V - A. The only part of the neutral 
interaction which can interfere with the charged one is that in-
volving the V - A neutral current of the electron. 

We see from this last remark that I a: (Vv e - Ave), where Vve• 
Ave are the ve neutral couplings defined earlier. 18 In SU(2) x 
U(l) gauge models, with the usual treatment of the left-handed 
electron, (Vve - Ave) a: (sin26w - 1), where 8w is the Weinberg 
angle. Thus ,- I < 0 as long as sin 8w is less than½, as it is, 
for example, if we assume the Weinberg-Salam model and appeal to 
the data. 

Now the existing reactor results do not establish that the inter-
ference term is there. On the other hand, if we assume that 
IF 0, then these data provide evidence that I< 0. This is 
shown in Figure 6, 

-1.0 

E = 1.5-3.0 MeV e 

1.0 

.0 

Ee = 3.0-4.5 MeV 

-1 .0 

FIG . 6 
The regions in ve coupling space allowed by reactor data15 for 
electron recoil energies Ee in each of two bins. 

where we see that the only regi ons allowed by the two energy bins 
together correspond to negative values of (Vve - Ave). 

Hopefully , the planned LAMPF experiment can confirm tha t I is 
negative, assuming it t o be present, and perhaps this experiment 
can even prove that I is present in the first place. The experi-
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ment will use a beam dump, in which positive pions come to rest 
and then decay according to the usual chain: 

This means that three different species of neutrinos will be 
streaming out of the beam dump and entering the detector. The 
neutrino spectra will be as shown in Figure 7, 19 where Etop is 

. the top of 

Vµ 

<J:: ......--.... 
a: / \ I-u 

Ve/ 
\ w a.. 

(J) \ 0 I z \ a: 
I- I \ 
:) \ w I z Etop 
~ 

0 10 20 30 40 50 
NEUTRINO ENERGY (MeV) 

FIG. 7 
The spectra of the neutrinos emitted from a beam dump. 

the spectrum, and the spectrum for vµ is a spike because these 
neutrinos come from a two-body decay. 

Needless to say, the detector cannot tell which kind of neutrino 
initiated any given event. Well then, you .ask, can one learn 
anything in such a complicated situation? E. Fischbach, S.P. 
Rosen, H. Spivack, and I have tried to see. What one expects in 
ve-e scattering, at least if we believe th1 smaller of the exist-
ing vµ-e cross section results, is that jc j > jr j > jN [2 . Thus, 
roughly speaking, what one would like to find out in the LAMPF 
experiment is whether the ve-e cross section is bigger or smaller 
than what one would get from the charged-current piece alone. 
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What the experiment will measure is the event rate as a function 
of the energy Ee of the recoil electron. We have made some theq-
retical estimates of this event rate for values of Ee above the 
vµ spike, which cannot correspond to vµ-initiated events. In this 
Ee range, only Ve and Vµ contribute, and we have taken both con-
tributions into account. 

If one assumes, for example, the Aachen-Padova values20 for the 
vµ-e and vµ-e cross sections in order to determine N, then one 
finds the event rates given in Table III. The rates are quoted 
for two recoil energy bins, and we have taken the lower bin to 
begin at ½Etop• which is approximately where the Vµ spike is. 

TABLE III. Expected event rates, in arbitrary units, in two 
recoil energy bins. The various rows correspond, as indicated, to 
negative, posi t ive, and non-existent interference between the 
neutral and charged weak contributions to vee scattering. 

Interference 

I= -ZIN! jcl 

I= +2jNj lei 
I = 0 

52 

90 

70 

12 

20 

16 

From Table III, we see that to distinguish between destructive and 
constructive interference, the experiment will have to determine 
the event rate and the overall flux normalization accurately 
enough to tell the difference between 52 and 90. To establish 
that the interference term is present in the first place, it will 
have to determine these things with enough added precision to 
distinguish between 52 and 70. We shall leave it to our experi-
mental colleagues to say how easily they can do that. 

SU~!MARY 

In summary, neutral weak interaction experiments which do not in-
volve neutrinos are the only means of answering some very basic 
questions about this interaction. In addition, they are a way to 
confirm some of the t hings which we think we have learned from 
neutrino physics. Every one of these non-neutrino experiments is 
difficult, but, hopefully, in the next few years they will play a 
significant role in our discovery of the true nature of the neu-
tral weak force. 
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