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ABBSTRACT

The knowledge to be gained on neutral currents
from parity violating observables in heavy atoms is studied.
After isolating +the relevant couplings, the major part of
the analysis is done within the framework of sU(2) ® U(1)
unified gauge theories of wesk and electromagnetic interac-
tions. The leptonic and hadronic sectors of these models are
studied separately, using the available information from
neutrino physics, to impose restrictions on the mass of the
neutral intermediate boson and the unification angle. The
observable in atoms, which provides a link between the two
sectors, is found tc be powerful in discriminating among

models.
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INTRODUCTION

Three years have elapsed since the experimental discoveryl) of the weak neu-
tral currents in neutrino and antineutrino induced reactions. Theoretically,
the central issue involved is whether these currents are due to unification of
weak and electromagnetic interactions and, if so, which is the correct unified

theory.

During the past years, the quantitative experimental information has been

acquired slowly and it has been limited to a few types of processesz). Recently,

3)

however, the experimental picture is changing rapidly”’ and knowledge is being

gained on a variety of neutral current processes. This has led several au-

4-7)

thors to take a fresh look at the consequences of neutrino-hadron interac-

tions for various fashionable theoretical models based on the gauge strategy.
Independent of the gauge theory prejudice, the question of isolating the space-

time and isospin properties of the hadronic neutral currents, using inclusive

8)

neutrino data, has been considered by Quang Hung and Sakurai”’. Other methods,

9)

such as the study of nuclear transitions”™’ and diffractive neutrino prdduction of

1
vector mesons 0), have alsc been proposed.

3

seem to agree with the

11)

The gross features of neutrino neutral current data

predictions of the popular Weinberg-Salam (abbreviated W-8) model with four

12)

leptons and as many quark flavours . However, there are indications that the

true theory is more involved than the W~§ model, viz.

13)

i) The p—e events from SLAC, believed to be the attribute of a heavy lepton.

Such a lepton may be accommodated in the W-§ model if it is of the sequen-—
 tial type (i.e. it has its own neutrino and lepton number) and provided more

quarks are introduced.

14)

ii) The reported antineutrine charged current anomaly observed in counter ex-—

periments at Fermilab. Although different observables, such as the y
distribution and the ratio of antineutrxino-to-neutrino cross-sectioms, seem

to prove that the anomaly is there, the situation is not completely

settledls). This issue should get resolved in the near future.

These and other phenomenological reasons, together with theoretical argu-

ments, have led to numerous proposals of alternative models. Present data on

. , . . . s N . 4=
neutrine and antineutrinoc interactions do not (quite) distinguish among these

1 .
models, apart from the fact that the pure vector model ®) Eor pure axial vec-
torly)] for hadrons is ruled out'®)"

L
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The search for parity viclating effects in atomic physics has recently ob-
tained a rapid development. It opens 2 new and completely independent source of
information on weak meutral currents. These effects are a signal of a new in-
teraction between charged leptons and hadrons. Such an interaction is expected
if the neutrino-hadren scattering events and the neutrino-electron scattering
events are believed to be mediated via the exchange of the same heavy neutral
boson Z. As several experimentslg) are approaching the level which is expected
in certain gauge models, it is useful to study the restrictions that the atomic
results will impose on the theoretical medels. In this paper we wish to point
out?oj that the atomic physics experiments are golng to play a substantial rdle
both for the determination of hadronic coupling constants and in distinguishing
among different gauge theory models. As an illustration, theories with similar

predictions for neutrino neutral current scattering can give completely different

results for parity violation in atoms (sometimes even with opposite signs).

This paper is organized as follows: In section 2 we isolate the quantity
(denoted by Q) measured in the first generation atomic experiments. This quan-
tity is made-up of three factors, namely the electron axial vector coupling a,s
the hadronic weak neutral charge Qh and a factor K, related to the mass of the
neutral boson mediating the interaction. We emphasize the importance of Qh in
resolving the ambiguities encountered in the analysis of neutrinc inclusive in-
teractions. Im section 3 we study SU(2) x U(l) gauge models which have the con-—
ventional (Cabibbo) structure for the left-handed electron and up as well as down
quarks. We classify the hadronic sector of SU(2) x U(l) gauge models, accerding
tu the weak isospin assignment for the right-handed up and down quarks (in sec—
tion 4) and give the weak neutral charge Qh for the different models. The major
conclusion of that secticn is that models with right-handed current for the up
quark give Qh with opposite sign as compared with the conventional (W-S) model.
We conclude section 4 by giving the restrictions imposed on the unification
angle and the parameter k, from inclusive neutrine neutral current data, for twe
popular models. These restrictions would further limit the predicted range of
in these models if a, were known. In order to learn about a,s in section 5 we
study the leptonic sector of gauge models. Here we give bounds on a, and K us-
ing also the purely leptonic neutrino neutral current data. Finally, our main

conclusions are summarized in section 6.
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-both in electronic

THE EFFECTIVE WEAK NEUTRAL CHARGE

Parity viclation experiments in atoms measure the Y-Z interference for the

interaction between an electron (or muon) and hadrons. Particular observables,

21) andfmuoniczz) atoms, and experimental methodsz3)

for mea-
suring them have been discussed extensively in the literature. Here we shall re~

strict ourselves to the thecretical aspects of parity violation in atoms.

We start by writing the neutral current interaction between the electron

*)

{(mucn) and hadrons ip the form
{ = 77 %

2

JE < N [, + 4,

by

p)

(1)

where Rl (hk) is the leptonic (hadronic) neutral current and 7 denotes the neu-
tral intermediate vector boson (generalization to several Z-fields being trivial),
In Eq. (1) a normalization factor N has been introduced for convenience [see

after Eq. (9)]. We define

.P'); E Y,_ (Ve + A, rs) e + muonic term

h

(2)

1

>

ﬁ%:,d,__,?’: Valvy +agYs) g

Here the v's (a's) denote the vector (axial vector) couplings and u(d) are the
up (dowm) quarks. We emploj the quark model languaée since if facilitates com-
parison with theoretical wmodels. Furthermore, we have restricted the analysis
to vector and axial vector interaction since these are the only ones which in-

terfere with the electromagnetic current,

In the language of effective Lagrangian of four-fermion type, Eq. (1)

gives the following interaction between leptons and hadrons

s . s .
[ =_.:’_|- e, b s-—%—%%L &

LN

where G is the Fermi coupling constant and

-

= 2v3 N

C M: @

*) Qur notations and conventions are as in Ref. 24).
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The parity violating perturbating Hamiltonian cohtains-fwo piecés, dné:pfo—
pqp;iqnﬁl‘to_aﬁvq,and the other proportional to veaq. As the matrix element of
the .time component of the hadronic vector current (for low enough momentum. trans-
fg;ﬁ)‘@gdé*hp:qpheren;ly;for_egmposite cbjects, the atomic physics experiments in
heavy elements are mainly sensitive to the first piece. The perturbating
Hamiltonian will induce an admixture of states with opposite parity in the atomic

states. It ls glVED by

”pv - L ety e g ©

- ) .
where p(r) is the nuclear density (normalized to ome). One sees that the main

*
theoretical ingredient Q may be written as )
LT : o R Q = . K .q'e Q

Glt‘.: Ve leL + Vy FJ‘L

where Nu (Nd) 18 the number of up (down) quarks inside the atomic nucleus. For

h
(6

an element AZ one has

Q- v A L) ez P
w1th the two terms show1ng the 1soscalar and 1sovector vector coupllngs, re-
spectzvely. In medlum-heavy atoms Q is more sensitive to the isoscalar coupllng,
as an 111ustrat10n the ratlo (A-ZZ)/A is 217 for 20931 and 17% for 133 Cs. When
dlscus31ng complete experlments in 1nc1u31ve neutrino reactlons, the authors of
Ref. 8) notice two ambiguities for the hadronic couplings: 1) vector—ax1a1 vector
ambiguity, ii) iscéscalar-isovector ambiguity. Both would be simply resolved with

the determination of Q given inm Eq. (5)-for different elements AZ;

The present knowledge about the coupllngs appearlng in Eq (7) is very li-
mitéd. The purely 1epton1c reactlons have been observed but data is too scarce

to allow a separation of the ax1al coupling a,- In section 5 we will analyze

25)

the present situation. ¥From data on single pion production it is known that

the hadronic neutral current is not purely isoscalar. Finally, from inclusive

18)

reactions one knows thattboth vector and axial vector components must be there

*)  Qur normalizations will be chosen such that in the W-S model ae =« =1,
giving Q = QR, where "h" refers to hadronic.
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for the hadronic current. Therefore, if a, # 0 (see section 5), the parity vio-
lating effects in atomic physics are expected to be there. One can conclude that
they will provide information on weak interaction theory if the atomic physics
part of the problem is well under control. It seems that even in complex systems,

6,27)

such as Bi or Cs, one has access to a theoretical estimate2 for the relevant
matrix element induced by Eq. (5) which is accurate to better than 20%. 1In the
case of muonic atems, the problem is hydrogen-like to a good approximation and
there will be no important uncertainties originating from atomic wave functionms.
We end this section by concluding that the atomic physics experiments can be used

to learn abeut the isoscalar-vector and isovector-vector couplings appearing in

the effective neutral charge Qh, given by Eq. (7).

SU(2) & U(1l) GAUGE MODELS

In this section we wish to study the quantity Q, which will be supplied by
the atomic experiments, in several gauge theory models which make reasonably
well-defined predictions.fdr weak neutral current processes. If the gauge group
is SU(2) ® U(l), the coupling constants g and g' [for the 5U(2) and U(l) groups,
respectively] are constrained to satisfy

ﬁ' o5 Qw = 9 Sim Qw (8)
where ew is the unification angle, i.e. the mixing angle between the mneutral
gauge fields to reproduce the physical neutral fields AU and Zu. Once the as-
signment for the left-handed and right-handed fermion multiplets (wL and wR)
fixed (this assignment defines the particular medel), each model depends on just
two parameters: GW and the mass of the intermediate Z boson. The neutral cur-

rent Ji [see Eq. (1)] in any SU(2) @ U{l) model is given by

2 — — . em
Jp 2 i; elser’l{Je“,_Zv/LIurr. 'LI/L_WE'GNJ,‘ (9

# _'si-n Qw c6S Qw

where the first (second) sum runs over the right~handed (left-handed) multiplets.
In Eq. (9), IBR(ISL) denotes the third compenent of the weak SU(2) in the cor-

responding vight-(left~) handed multiplet.
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- . . . i i
In general a state i with the third component of isospin I3R or I3L {ap-
pearing in wR or wL) may contain a mixture of two or more states of elementary
*)

fermions We may distinguish between two types of models:

Type 1 ¢ The orthogonal linear combination to i containing the same fermions
ype L g g
has the same third component of weak iscspin as the state i itself.
In this case all the mixing angles among elementary fermions drop

. Z .
cut in Ju when the sums in Eq. (9) are performed.

Type 2 : The third component of weak isospin of the orthogonal linear combi-
. . . z . s .
nation differs from that of i. Then .J“!J will depend on specific mix-
ing angles.
Below we shall first consider Type 1. Generalization to Type 2 is then.

trivial (the factors I3R and IBL need to be weighted appropriately).

It is convenient to choose the normalization factor N such that the vector
and axial couplings [see Eq. (2)], obtained from Eq. (9), are [see the foctnote
concerning Eg. (6)]

v o= & (I;R v I,0) -4 sl Q:

v .
(1C)

a, 2 (I,% - I))

1}

where 1 stands for e (electron) or q (quark) and Qi denctes the charge (Qu = %,
Qd = -¥). For the choice (10) the normalization factor M [see Eq. (3)] is given

by

N = € (11)
b smB ,eos B,

Combining this relation with the equality

G e’

Vg g st B, M}

’ . + - -
(MW being the mass of W) we find the parameter k in Egs. (3) and (4) is given

by
A
Mw

w = ~
Mz cos Qw

I

(12)

*) This is, for example, the case for the left-handed hadronic sector, due te
the Cabibbo structure.
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For the simplest realization of spontaneous symmetry breaking in the W-S
model M; = Mé c052 GW and thus « = 1. However, most models require a more com—
plicated symmetry breaking mechanism and, in general, ¥ will not equal unity.
Therefore, we shall keep i (or equivalently the Z mass) arbitrary in our analy-
sis. It is important to note that x enters linearly in the atomic physics ob-
servables but quadratically in neutrino neutral current cross-sectious.

For our considerations [see Eq. (7)] only v , v, and a, are relevant. In
iu

d
11) ! e

e
the W-S model for leptoms (IBL = -, IBR._ 0)

7
v, = -4l + 4dswtB, , a,= { (13)

12)

With the conventional extension to hadrons one obtains

1

S;Ns' 9\# ; OL‘L = - 4

£
LELT LA

: 4 (14)
U:1 = -4+ ?g 554Cz G;bd » a d = 4

*
In the W~S model and for sin2 ew = 4 ) Vs vanishes and parity violation is due to
the down quarks. With the choice k = 1, we find that the values of Q [Eq. (6)]

2
09Bi

1
for and 3305 are

Q, (Bi) =-16t.5 , &, (Csy=-105.% (15)

Ir the following we shall take this value as our "normalization point".
Atomic experiments are then crucial in distinguishing between the W-5 model and

those models which predict widely different values for Q than that given in

28)

models with slightly different Q's should also be distinguishable.

Eq. (15). With the prospect of precision experiments in atoms s 1n future,

Now we examine the predictions of several classes of popular models for
the quantity Q in order to see how these models may be distinguished by atomic

experiments.

*) This value is obtained in grand unified schemes, which unify weak, electro-
magnetic and strong interactions. Furthermore, it iIs compatible with all

present neutrino neutral current data3),
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We shall restrict ourselves to those models which have the W-S model as-

signment for the left-handed leptons and up as well as down quarks (i.e. I;L =
= —IgL =.—I§L = %). The difference in models lies in the way the right-handed

multiplets are introduced. .Moreover, we consider only models where right-handed
guarks are members of weak isospin doublets or singlets; however, the right-
handed electron (or muon) need not be in a singlet or doublet. For all such mo-

dels [see Eq. (10)]

e
v, = 4 - 2 sl +~Z,Iu' (16)
w 7 w AR

; d
Var -4+ LSl + 8 TG

if the model is of Type 1 [see after Eq. (9)]. If the model is of Type 2, the
IBR's get multiplied by-appropriate‘mixing angles as we shall comment on below

for each specific case.

In the next two sections we study the two relevant sectors, hadronic and
electronic, respectively, including the information available from neutrino

-physics.

4. HADRONIC SECTOR OF MODELS

We discuss the quantity Qh in different models. Depending on the isospin of

the right-handed up and down quarks we have four possibilities (a)-(d), viz.

W d

(Q‘),_. T30 =0, I, =0 (17)
w a

{b) I3R = o ’ I3R = 0 (18)

(¢) Iz =0, Isi =- | (19)

(d) -1'3: = Y, Isi ) | (20)

For all these cases we have

‘—SA..-.z LS QLS 3 2 (21)

independent of GW and mixings in the fermion multiplets.

LRLL USSR L UL LR IR Lty LY R L VL VTS L R LU T LR VR T LT T B TR T O Oy e T TR R Oy R T L A L T E R R L P R T T R PR A P TR ISR
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Case (a) is the conventional extension to hadrons of the W-§ model. For this

case

Qk-_—A +Q,Z(1--Zs&n‘2'9w) 22

i.e. Qh is negative for all nuclei (with possible exception for hydrogen and

helium-three).

Case {b) is phenomenclogically appealing because, with the introducticn of a

29) 30

doublet such as (E)R, where b 15 a new quark, one may explain the anomalous

y distributions in charged current neutrine interactions. This explanation, al-

though the favourite of experimentalists, is not unique. Other suggestions, such

3D

as massive colour gluon excitations have also been given in the literature.

32)

Such a doublet is present in a class of models based on the exceptional Lie

group E_ as the fundamental symmetry of weak, electromagnetic and strong inter-—

7
actions. In these models

L
Q - (3 -4 Sbn.'z'Qw) Z (23)

h . .. . . .. .
Here Q 1is positive (unless 51n2 ew > 34), thus ena@llng distinction between

{a) and (b). This is fortunate, since the predictions of these models for in-
X . . . s .. 4
clusive neutral current reactions in neutrino physics are rather similar ) to

. h .,
those of the W-S model. We note also that the sign of @ is independent of the

mechanism which gives mass to the Z boson (i.e. independent of k).

In Fig. 1, we show thQO [see relation (15)] in models (a) and (b) for Bi
and Cs. The predictions of these models are strikingly differemt., WNow if the
up quark im the right-handed doublet is mixed with a new quark, say t, and the
orthogonal linear combination is a singlet we must replace I;R by % cos2 o, where
o is the mixing angle between the u and t quarks.‘ Then the results (a) and (b)
could be comnected continuously by varying cos o from zero to one. In terms of

this mixing, the results of Fig. 1 are connected by the expression

Qt/g = 026 -L¥4 cos¥y + 1,98 s, @V
9

for Bi.

Cases (c) and (d) : For case (c) we have

Qlt = - 3A +2(3~4s£@"’9w) (25)



B e T T TS U DN I T T TR LT LT T TR E L ey e R N R BN AT T PO PRERP I

...10._

which is always negative and typically much larger in magnitude than for case (a).

For case (d)

At - -2 A +'4z‘(z-smgw) (26)

Q /Q for cases (c¢) and (d), for Bi and Cs, are also shown in Fig. 1. Note that
Q for the case (d) differs only by 22-& from that for case (a). This is due to
the fact that the isoscalar coupling only depends on the sum [3{.+ I;R. The

hadronlc sectors of the two models are substantially different, however the above
sum 1s the same for both. In case (d) the axial couplings 2, and ay vanish_[see
Eq. (10)3 and thus the theory is purely vector for u and d quarks. Such theories

18)

are ruled out by experlments Again by introducing mixings of the type dis-

cussed for case (b), one may dispose of the pure vector feature of the theory.

From Fig. 1 we see that the sin2 ew dependence of Qh is very similar for Bi
and Cs. In both experiments, cne is expleoring a very similar coupling, as it was

already understood after Eq. (7).

In view of the interesting result that the atomic experiments discriminate
between models (a) and (b), by the virtue of the sign of the effect, we analyze
now the available restriction on the value of k. We use the results of inclusive

neutrino-hadron (and antineutrino-hadron) reactions to obtain this information.

The theoretical expressions for inclusive neutrinc reactions have been dis-
cussed repeatedly in the literature. Here we shall employ the results obtained

4) 33

by Albright et al, Furthermore we use

K, =.28 .04 , R;=.38% 06 (27)

for the ratio of neutral current to charge current reactiens. These results,

which are of the CERN Gargamelle Collaboraticn, obtained at neutrino energies be-
low 10 GeV, are compatible with other determinations at higher energies. The ad-
vantage of low-energy data is, of course, that there is no problem of interpreta-

tion of the quantity R (e.g. due to new phenomena in charged currents).

In Fig. 2, we show the domain of K2, as a funection of sin2 8, which is al-
lowed by Eq. (27) (continuous and broken lines refer to neutrino and antineutrino
values, respectively) for the model (a). With no prejudice on the Z mass, the.
range 0 < sin2 8 £ 0.42 is allowed, whereas K must be near 1. For € = 1 one ob-

tains

sim? 9 = 34 +.06 (V-8 model) (28)

WU R APRIER R LA PRI LU G I B e M L L R wan e Eeae e e e e
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Qualitatively, large values of sin2 8 are possible only if the experimental re-

sult for Rv is increased and/or'Rv decreases substantially.

In Fig. 3, the same analysis is presented for the model (b). Again, inde-

pendent of « we obtain the limits 0 S_sin2 8 = 0.6, and for ¥ = 1 we have

sw2 B - . 4% *+,0 (29)

The qualitative features of the curves in Fig. 3 are similar to those of

model {a), Fig. 2, if sin2 8 is not too large.

With the information contained in the results shown in Figs. 2 and 3 we may

return to the observable quantity in atoms Q and show the present restriction on
h . . . s

the product kQ . In Fig. 4 we show the prediction for K(Qh/QO) in models {a) and

2 . . . .
09Bi. This provides an illustration of the power of the

(b) for the case of
atomic experiments in diseriminating between two models which give similar re-
sults for neutrino neutral current processes. A possible connection between

(a) and (b), through a mixing of Type 2 (see section 3} has already been dis—
cussed above with the result given in Eq. (24). Note, however, that such mixings

7)

affect the neutrino and antineutrino charged current phencmenology ‘.

LEPTONIC SECTOR OF THE MODELS

The quantities discussed in the last section are the ones measured in the
atomic physics experiments if a, = 1. From Eq. (16) we know that this value cor-
responds to the singlet assignment for the right-handed electron, irrespectively
of whether it is mixed with other heavy leptons or not. In this section we shall
also consider models in which the right-handed electron is not assigned to a
singlet. We shall assume that atomic experiments imply parity violation in atoms,

i.e. a_ # 0. Then we may conclude

2

I.. ¥ - Y | (30)

Then from relation (16) it follows that the parity violating charge is crucially

dependent on IgR' For example
e
e 2 ¥ for lie 2 Y (31)
e
ae £ -3 . l:2 £- %, (32)

a_e jundl —l o IseR - - ‘l (33)
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Thus the 51gn of the effect is opposite for I3 = 0 as compared to I3R -1, and
the magnltude of parity v1olatlon is expected to be large for large 113R| Note
that the case in Eq. (33) is especially interesting since it gives the same mag-

. ‘ s . % . : . .
nitude but opposite sign ) as compared with the W-S model, provided the hadronic

sectors’ for up and down quarks are maintained.

Fortunately, one may obtaln further information on I.._ from purely leptonic

3R
processes

Vﬁe-é U/‘e amd, V’)‘,E—-’Vj‘e

Especially the antimeutrino, being itself right-handed, generally responds strong-

ly to the right-handed coupling of the electron, viz.

(e = vpe) = ¢ w? [ (2sindf-0) 4L L5094 215 )" ]

(34)
T(Vue » ¥ e) e w [‘ (2sim?0- 1) + (Ssntb +.?,I3R)'?’]__c35>_

with the same proportionality comstant € in Eqs. (34) and (35); « is defined in
Egs. (3), (4) and (12). The present experimental data from the CERN Gargamelle
33)

Collaboration read

(Ve »Ve)/c € .65
apd (36)

L 0Y 5'_0'(55,*8-?9,‘3)/6 < L ¥F0

These values substituted into Eqs. (34) and (35) provide bounds for the al-
1owed region in the K2 - sin2 6 plane. In Figs. 5 and 6 we show these regions for
(W—S model) I°. =0 and a "triplet model” with 1°

3R 3R
. . . . . 2
figures are obtained ome from the other by mirroring above the line sin” § = 5.

-1, respectively. The two

Furthermore, the antineutrino data are very sensitive to the model. For example,
: . 2 . . .
for the extreme values of sin” 9 (near zero or unity) the antineutrino cross-—
.2
section differs by a factor of 13 in the two models. For sin 4 = % the corres-

pondlng factor is 2.7.

*)I'This peculiarity has been emphasized by H. Fritzsch (see Ref. 34).

OB MO IOV TN VR AW PR AU} ] WY TN AR [PUIE [P W IRYT NRE | PR FEYIEA IO B b RN ORARE] | b BE st D e e el e e s pRE o] WHECW T T (R g e i e s
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With the present results for purely leptonic neutral current processes33) any
value of sin2 SW is allowed if K2 is not restricted. The main information, inde-
, 2 . 2 . . ..
pendent of sin” 9, is that ¥ < 2, thus giving a lower limit to the Z mass. For

33)

2
k= = 1 we reproduce the known result

10 £ sm® 0 ¢ 4y (37)

for W-S type model (i.e. 1 = 0.

3R
For the future goal of determining the multiplet assignment of the right-
handed electron from only purely leptonic processes, the ratio r of the vu—e and

Vu -e cross—sections, which is independent of x, is presented in Fig. 7 for ;gise
two models with opposite sign of a_- Up to now, only the preliminary result
from the Aachen-Padova collaboration is available, with a value r = G.44 % 0.2,

If this value were confirmed, Fig. 7 would impose new restrictioms on sin GW in

these models.

Now we shall combine the results of this section with the ones of section 4,
to learn about the compatibility of the hadronic and leptonic sectors of differ-
ent models. The wvalues of K and sin2 BW’ associated with the wvector bosons, must
be the same. This analysis will be restricted to the popular models (a) and (b)
for the hadronic sector. TFrom the comparison of these results, we conclude that
the "singlet™ assignment (Fig. 5) for the right-handed electron is compatible
with the model (a)} for hadrons (without any additiomal restrictioms tham the ones
shown in Fig. 2). It is also compatible with the model {(b) for hadrons, but the
allowed region of K - sinz GW (Fig. 3) is restricted to the maximum values K =~ 1,
sin2 Sw x 0.42. However, the "triplet" assignment (Fig. 6) for the right-handed
electron is neither compatible with the model (a) nor with the model (b), unless
the actual value of the Gp-e crogs—section is more than twice the upper limit

published by the Gargamelle collaboration.

In view of these results, one is led tc the following question: What are
the effective values of 2, which are allowed by the above comparison? We have
explored similar restrictions to the ones shown in Figs. 5 and 6 varying a, "con-
tinuously" from a =+l to negative values. The answer we obtain is a, 2 -0.5,
as a requirement imposed by (36) plus the allowed domains shown in Figs. 2 and/or
3. This result means that the right—handed electron cannot have I;R < -1, unless
it is mixed with a heavy one (in the sense of a mixing of Type 2, as discussed in

section 3) with a probability amplitude cos a $ 87Z.
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6. DISCUSSION AND CONCLUDING REMARKS

In this paper we have studied the information contained in the first genera-
tion parity violation experiments in heavy atoms within the context of vector
and axial-vector neutral current interactions in order to generate the weak
electromagnetic interference. Atomic experiments will provide information on the
quantity Q, Eq. (6), which consists of three factors namely the axial vector
(neutrél current) coupling a a "strength" parameter ¥ and the hadronic neutral
weak charge Qh. Assuming that neutral currents are mediated via exchange of a
single vector boson Z, the coupling factors appearing in Q also enter in meutral
current neutrino interactions. The "strength' parameter « is then proportional

to the inverse of the Z mass squared.

If Q # 0, measuring it in different elements, supplies the ratio of the iso-
vector-vector and isoscalar-vector couplings and thus should serve to resolve the

8

ambiguities encountered ’ in the model independent analysis of neutrino inclusive

data.

We have further specialized our analysis to SU(2) x U(i) gauge models of
weak and electromagnetic interactions, which have the conventional structure for
the left-handed electron and up as well as down quarks. In view of agreeing with
the charged current phenomenology such a restriction seems quite reasonable. The
varioué‘models aiffer by the way in which the right-handed fermions (specially
the eléctron, up and down quarks) are introduced. They are all described by five
parameters, three "isospin"” parameters (I;R, IiR and IzR) which could be weighted
by mixing angles (if the model is éf Type 2 as discussed in section 3) as well as
_sinz Gw and €. We classified the hadronic sector of these models in section &

and the leptonic secter in section 5.

The predictions for Qh depend only on the hadronic sector of the models. These
were given in section 4 where we found that the sign and magnitude of this quanti=-
ty is very model dependent and should be useful in testing models. TFor example,
models with right—handed current for the up quark give opposite sign for Qh as

compared to the W-S model (see Fig. 1).

In any SU(2) x U(l) model, the measured inclusive neutrinc and antineutrino
cross~sections supply limitations on sin2 Gw and K. In séction 4 we demonstrated
these limitations (Figs. 2 and 3) for two popular models, viz. the W~S model and
a model with right-handed current for the up quark. Such a study gives allowed
‘domains for KQh as a function of sin2 ew as shown in Fig. 4. For these two in-

teresting models there is no overlap in their predictioms. The only remaining



_15_

"gnknown" in Q, namely as is studied in purely leptonic neutrino neuttal current
reactions. Similar for the hadronic sector, also the leptonic data supply us
with allowed regions in K—sin2 Bw plane (see Figs. 5 and 6) as we have demonstra-
ted for two popular models. It is alsc possible to get restrictioms on a_ with-
out assuming any specific model. Such a study gives a, > ~%. This already

serves to exclude a large number of possibilities, e.g. a model in which the
e

R ~1) is ruled out.

right-handed electron is in a triplet (with I

With the restriction =-0.5 x ée £ 1, the results of Fig. 4 show that, for
typical SU(2) x U(l) gauge models [case (a) and (b), see Eqgs. (17)—(18)], the
expected value of Q canmot be in magnitude much larger than QO, as given in
Eg. (15). Models without mixing, or with mixings of Type 1, in the leptonic sector
require (from our analysis) te have a, = +l. In that case, the knowledge of the
sign and magnitude of the experimental parity violating effect im atomic physics
would allow to distinguish models with similar predictions fox meutrino~hadron

physics.
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Figure captions

‘

Fig. 1 The hadronic weak neutral charge Q normalized to the "canonical"

value Qo given in Eq. (15), as Ffunction of sin2 Gw. The indications
(a), (b), (c), (d) refer to the four standard possibilities {17),
(1&5, (19); (20) for the right-handed third components of weak iso-
"spin of up and down quarks. Full lines correspond to the case of

209Bi, broken lines to 133Cs

Fig. 2 : Restrictions between Kz, given in Eq. (12), and sin2 Gw for. the
model (a) of the hadronic sector. Full lines determine the strip

=T alTowed from inclusive neutrino neutral current scattering, broken
lines from antineutrino scattering results. The limits on sin2 GW-

imposed By the choice « = 1 .are explicitly indicated.
Fig. 3 : Same as Fig. 2, but for the model (b) of the hadronic sector.

Fig. 4 : The allowed domains for KQh, the quantity measured in atomic physics,

209B.

in the models (a) and (b), for 1. The restrictions from Figs. 2

and '3 have been incorporated.

Lo A 2 . 2 . -
Fig. 5 : Restrictions between x~ and sin Bw for the conventicnal model (eR
is a singlet) of the leptonic sector. Full lines give the allowed
region from neutrino-electron scattering, broken lines from anti-
neutrino-electron results.

Fig. 6 : Same as Fig. 3, but for a model in which'e; has I:R = -1,
Fig. 7 : The ratio r of the neutrino-electron to antineutrino-electron cross-
sections, as a function of sin Gw. T (full line) corresponds to

the model with'I—gR: =0, r_ (broken line) to the model with 1§R = -1,
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