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Abstract

Lf chiral U(l) symmetry is a gauge symmetry, CP is zutomatically
conserved despite the instanton effects, and the weak neutral currents
have a definite structure., A realistic SU(Z)L @ Uy @ U(I)R model
contains an axion which is consistent with present data. Furthermore

the neutrino interactions to lowest order are identical to the Weinberg-

Salam model, Implications for the chiral U(l) currents are discussed.



I. Introduction

Present experiments on neutral currents are either probed by neutrinos or
electrons, Neutrino experiments in the last decade have measured various
elastic and inelastic cross sections. The results can be used to deduce

the effective neutral current couplings between the neutrine and hadrons (1).
They agree well with the Weinberg~Salam model @ within experimental errors.
The electron neutral curtrent couplings, on the other hand, could not be de-
duced from the data in a model independent way for lack of information (3).

In fact, depending on the experimental data one uses, different conclusions

can be drawn.

The strong interactions are generally believed to be mediated by SU(3)

color gluons. At some very high energy scale, tﬁe strong, electromagnetic
and weak interactions could be unified and the theory has only one coupling
constant. The grand unified theory is more predictive. For example, the SU(5)

(4)

theory gives a value for the Weinberg angle in agreement with data , and

(5). SU(5) symmetry breaking

the Q(10) theory predicts further the t quark mass
assumes that at some very high scale, the symmetry is broken to

SUC3) 01 0r @ suv(2) &) U(1). The theory thus suggests that between the

present energy and the super high energy scale, the world is adequately
described by just three interactions as seen by the SU(3)color () SU(2) C) U(1)

symmetfies. Whether this prediction is right or not obviously has significant

consequences.

In view of the above striking predictions, one might investigate
the possibility that the neutral current phenomena as presently

known could be a low energy phenomena. When probed at high



energies, the weak currents could be more complicated. After all, the
confirmation of the Weinberg-Salam model has to wait for the discovery of the
W and Z boson at the predicted mass. Before such experimental evidence

is found, it seems appropriate te ask what could be the other gauge
symmetries which reduce to the Weinberg-Salam model at low energy. Fl The

(6’7). Un-~

simplest candidate is the SU(2) @ u(l) @ U' (1) symmetry
fortunately there are many models in the literature, most of them are either
unnatural in embedding the experimental constraints or have arbitrary assign-
ment of the U'(1) hypercharges. The reason is that the U'(1) symmetry, un-
like the electromagnetic U(l) symmetry, does not restrict the hypercharges

of the representations, thus in order to agree with the data one finds a
certain relation between the hypercharges and the parameter of the theory,
which cannot always be met in a "natural" way. A recent analysis has suggested
a "natural" model to account for the suppression of parity violation in atomic

h (6). The model predicts a decreasing y distribution for polarized-

bismut
electrondeuterium scattering which is not supported by recent data from

stac (8,

We note an intefesting property of a chiral U(1) symmetry. Under the chiral
U(1) symmetry, the hypercharges of the fermion representations are determined,

thus the theory is free of the above mentioned arbitrariness and unnaturalness,

The reason we are interested in a chiral U(l) symmetry is rooted in the CP
invariance problem of non-abelian color interaction (QCD). The perturbative
color gluon theory (QCD) has many nice features, including the fact that CP

(9)

violation is naturally suppressed at the observed level . However, when

the non—perturbative effects of the instantons are included, it was found



that QCD no longer is CP invariant (!0), unless one of the quark is massless,
which does not seem to agree with nature (]1). Since CP is experimentally
observed to be a very good symmetry of the strong interactions, it suggests
that other mechanisms are responsible for CP invariance in strong interactions.
An attractive suggestion was mwade by Peccei and Quinn (12) who showed that

if the Lagrangian possesses a global chiral U(1) symnetry as did the

SU(2) () U(1) model with two Higgs doublets, the vnpleasant CP viclating
interaction (phase) is absent (rotated away) when the fermion states have

real masses after spontaneous symmetry breaking.

The chiral U(1) symmetry is also interesting in other respects. For example,
in order to comserve flavor in neutral currents, the Yukawa couplings of
quarks to two Higgs bosons is chiral U(1) invariant. One finds two charged
Higgs bosons with couplings to quarks proportional to their masses. If the
charged Higgs bosons are light enough, they could be discovered in heavy

particle decays (13).

How the Peccei~Quinn mechanism is embedded is of course model dependent.
Naturally the axion property varies from model to model. (When the global

chiral U(]) symmetry is intrinsically broken by instantons, a Goldstone

boson called an axion is present (14>). A light axion with mass < 2 MeV

in the SU(2) () U{1) model seems to be experimentally ruled out (15).

It was pointed out that a heavier axion in a SU(2) ® v() ® uvw)
(16)

model does not have such difficults with the present data ¢

chiral

. Here chiral

U(1) is a gauge symmetry.

What is the function of a gauge chiral U(l) symmetry? Recall the Peccei—GQuinn



mechanism. Because of the instantons, the vacuum is degenerate and depends
on a parameter 9 . The Higgs potential alsc depends on § since Higgs
bosons couple to quarks via Yukawa couplings. It turns out that if the
Lagrangian is chiral U(l) invariant, at the minimum of the Higgs potential,
one has arg(det m) = -, m being the quark mass matrix. Therefore the net
CP violating phase §'= arg(det m) + = 0. This means that CP is conserved
for any value of 9 . Kow in the SU(2)I‘ ® t) ® U(l)Chiral model, we

have a gauge U(!) symmetry as well as a global chiral U(1) symmetry

chiral

(the latter is induced and cannot be the same as the gauge U(l)chiral symmetry).

The global chiral U(l) symmetry determines the property of the axion and
conser%esCP symmetry automatically as indicated above. The gauge U(l)chiral
symmetry on the other hand generates a chiral U(l) weak current. The chiral
U(1) weak current may be experimentally required as we shall see below. The
points we wish to make are: (1) The chiral U(l) weak currents are theoretically
motivated because of the axion problem. (2) The weak currents must commute

with the global chiral U{l1) currents. In other words, the weak currents have

a unique structure.

Although CP can also be conserved by assuming that for some reason, the B =0

but
vacuum is the chosen ground state,ﬂin order to agree with the observed level
of CP violation, one must further check that CP is softly broken (17). The

Peccei~Quinn mechanism on the other hand guarantees that CP is conserved

for whatever the vacuum state one chooses. The question concerning the
Peccei-Quinn proposal has been whether it can be demonstrated in a realistic
model, In this paper we present a SU(Z)L @9 u{1) é§ ‘U(I)R model which can
be considered realistic in that (1) the quarks are massive, (2) the axion

is consistent with data, and (3) the neutral current interactions are



phenomenologically satisfactory. The major results of this paper are that
the neutrino interactions in this model are identical to the Weinberg-
Salam model and the mecdel zlsoc predicts a flat y distribution for polarized

(&)

electron deuterium scattering in agreement with recent SLAC data .

The weak neutral currents consist of a piece belonging to SU(Z)L @ u(l)
and a piece belonging to U(l)R symmetry. Naively, one might conclude that
since the neutrino is left~handed, it interacts only with the S_U(Z)L C) u(t)
piece and therefore the neutrino interaction is identical to the Weinberg-
Salam model. Technically, one must ask whether this can be done naturslly,
for if the Z boson mixes with the chiral gauge boson ZR’ then the mixing

is not naturally small. Georgi and Weinberg have considered the case of

(18)

sU(2) ® U(1) & G symmetry . They found that if the Higgs bosons

are either neutral to SU(2) & U(l) or neutral to G, then the neutrino

at fow en
interactions reduce to the Weinberg-Salam mode%4,Their theorem is not useful
here, since such Higgs bosons do not have Yukawa coupling to yK and 1%&
(which transform under SU(2), ® ) ® U(l), as (1/2, 1, 0) and (0, 2, 1)
respectively), therefore the quarks remain massless. In order that quarks
are massive after spontaneous symmetry breaking, we must have doublets of
Higgs bosons which transform as (1/2, 1, 1) under the gauge symmetries
(i.e. nontrivially). Fortunately, we find that the Lagrangian possesses a
chiral "hypercharge conjugation' symmetry such that the Z and Zp bosons
decouple from each other naturally., We have thus demonstrated an example

of SU(2) ® U(1) ® G which has nontrivial Higgs representations but

still contains identical neutrino interactions as the Weinberg-Salam model.

This paper is organized as follows. We present in section 2 the



SU(.’Z)L ® U(l) @ U(l)R invariant Lagrangian and remark about the property
of uniqueness, the question of anomaly cancellation and finally the discrete
and global chiral U(1) symmetries. In section 3, we investigate the weak
neutral current phenomencology considering first low energy data and then

high energy experiments. A brief summary is given in section &,

I1. Anomaly—-free, SU(Z)L @ (1) ® U(I)R invariant Lagrangian

Chiral U(l1) symmetry can be best seen from the Yukawa coupling
i Yuk

which 1s SU(Z)L invariant, but also invariant undexr the following chiral

A
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The following combinations are familiar: (1) X ¥ O, ﬂ-:O is the ordinary
U(l) symmetry. (2) A= O, /)’:-’f— o) is the Peccei-Quinn U(I)A symmetry.
(3)0(,:,8 is the U(l)R symmetry considered by Wilczek. (4) XK= "ﬂ corresponds
to a U(l)L symmetry. Let us now include heavy quarks (ti’ bi) for the purpose
of cancelling triangle anomalies, and two Higgs bosons (f? and % which
couple to the heavy quarks. In addition, we allow a singlet Eiggs boson (’g_ .

The Lagrangian can now be rewritten as



(3

where (=8 ' 3 H

1,4

“ ¢ G > ¥ .9 -

%
*

2T 2B (L R)

‘%l! A: }‘v
_L;A#({L L+HR[€) (3.1

~.

>
I

N
}

Vi) = o 14+ b 141"+ c (70 V(@ T %,)

+*

+do (X0 af ) e (Fa) 167+ e)gie) +hc

The notations used above are L = { (1- ¢ ): ﬁ’:z' (]-!-J’s.). W/u, Bﬂand A/u

are the SU(Z)L, U(1}) and U(1) 41 Bauge bosons respectively. YL and yg are

chir

the U(1) hypercharge assigned by the standard equation &::. :[3 4+ ‘z.L (q’:."' 5‘)@)

They are listed in Table 1. For the U(1) symmetry, if we adopt the

chiral
Peccei—-Quinn U(1) we have ﬂ = -'f = L for ( amd--l f (t,,b.)
X = e =4 #im;) and-g for (b)),

Eq. (3) reduces to the Lagrangian considered previously in ref. (/é).

We consider here a more interesting case U(l)chiral = U(I)R, hence h; = Q,



The hypercharge hR can be easily deduced from the Yukawa coupling in (3)
and are included also in Table i. Together with the quarks, we alsoc give
the lepton representatioms, the generalization to leptons being straight-

forward.

For U(I)P symmetry, the Yukawa Lagrangian allows terms which couple heavy

. 2
to light quarks (but not for U(I)A), namely F

rf:i (B n); h b + 7'7‘:; (Fi)., 4 i

= - ~ 3.
3 -~ T 4 — —
? r:'&' (£ 6, et FL\J- (£b); % "o‘}-g“'""-

We note that (3) has the following properties:

(1) The chiral hypercharges of the fermion representations are fixed by the

. . +
chiral transformations, namely hL =0, hR =~ 1,

3 3
(2) Because Zﬁl_-.—.o,iﬂ,_'—“o and Z‘ﬁ,RZO,Z‘ﬁR:O , the
model is anomaly free. In particular, the anomalies associated with the
chiral gauge boson and two color gluons are cancelied between light and

heavy quarks.

(3) The covariant gauge coupling in (3) are invariant under a reflection
symmetry given by
&' ————"; -t' ___Q —_
- g Lﬁf“‘@s,c‘ﬁz&(ﬁt
”x nd ’
4
A, =-A “
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Note that (4@;)144) and (ti, bi) have opposite hypercharge under U(I)R.
The reflection symmetry (4) is nothing but a "chiral hypercharge conjugation"
symmetry. The most general Yukawa coupling and the Higgs potential are given

in (3) and ¢3.2), but with

=i =t

LJ, LJ £y ‘:J' etc.

8y = 85, 8y = 3, b1 = b3, b, = bh-

Consequently, one has

(L >=A(L> , (8> =L4h>

(5)
(4) Because of (5), one easily checks that the gauge boson A/u (from now
on we shall denote the chiral gauge boson lk“‘ as E%V* for clarity) does
not mix with W/.,L and %P . In fact the mass mixing is proportional to
LY + <Y = B =gy since Ky gy and LRy <4

have opposite hypercharges under U(l)R symmetry. Therefore ZR decouples
from the Weinberg-Salam Z boson (to the lowest order). Now we can state
that the effective neutral current neutrinc interaction in this model is
the same as the Veinberg-Salam model, since the neutrino is left-handed.

This result is natural, namely that any mixing between Z_ and Z is guaranteed

R
to be higher order and therefore naturally small. As remarked earlier, the Higgs
bosons have nontrivial representations under both the SU(2) éa U(1) and

U(l)R symretry and do not belong to the class considered by Georgi and

(18)

Weinberg , otherwise, the above result would have been anticipated by
their work., To our knowledge, this is a first example of its kind. It also

dermonstrates that the neutrino data is not a conclusive proof of the
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Weinberg-Salam model, even within the gauge theory framework.

(5) We now point out the global chiral U(l) symmetry of the Peccei-Quinn
type which by the Peccei-Quinn mechanism ensures CP invariance for strong

interaction QCD theory. The point is that the gauge U(l)chiral symmetry can-—
not be the Peccei~Quinn symmetry, since in order to cancel the anomalies, the

quark phases under gauge U(1) must sum up to zero. We note that the

chiral
Lagrangian (3) is invariant under the following two independent chiral U(1)

rotations

(P M) = lap () (P Mg, Lf— 2P (XU, Ly = 2ap (X ),

(te, bo)g = axplip) (e b, 4 = txp (B) Gy, by exp-iR) 4 (6)

]

One finds that.the oL:-/‘@ cagse corresponds to the gauge U(I)R rotation. The
other case o(=/j corresponds to a chiral rotation where the quark phases
are additive. This is the Peccei-Quinn symmetry (a 1a Wilczek (M)) for our
model. The reason that CP ‘is now automatically conserved for any value of 9
can be seen by studying the Higgs potential (3.1) following ref. (12). The
axion is determined by the global chiral U(l) rotatiom a(-:.p y hot by the

gauge U(l)R symmetry (or dla-p ).

(6) The axion interacts weakly with matter through the Yukawa coupling.
Its mass and interaction can be ocbtained from ref, (16), with the replacement

of Z by £, namely
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%
”%@ - (M, m) "ln:f =~ lov £ MeV
(mu-&m‘)
(7
S £ - R
m,+my 7 43
where g and f are the mixing parameters with the bare 7 and }z re-
4 4
sprectively and
5. 4% .7 -4
§ =1 G" = 1k
(8)

H

¢ /'1131:1’.
'_—"') A4

+’ﬂi ) , A =LKLy
A, Avr Az
The properties of thig axion were previously examined in ref., (16). The
axion with. a mass in the range of 2-40 MeV has a life time in the order of
]0'” sec or less and were found consistent with present data. S{1ch ;'a rela-
tively heavy axion could possibly be found in an improved experiment on

[¢ T ete” by measuring the recoil momentum of pion as the axion pro-

duction is perhaps dominated by a two body decay channel X'—?7ZQ .

I1T., Electron Neutral Currents

A. Effective Hamiltonian.

The electromagnetic and weak neutral currents can be written as

em

. em ] ‘3 ca 9" .o
eA/‘ ?/u *{43’?5’ Z (? “25""0'”?/,, )-{';ZR}‘}#R 9)
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when jem is the electromagnetic current and

3 - —
sz%p%@@'lﬁy'

2 A

I

18 7 1+ ¥
‘},ufz *?— Afb X/u 2 /Lﬁ

A pA

are isovector and isosinglet currents, The Higgs mechanism gives

1
4" 345 &
y 2
g M $ & (10)
.2-—— = ﬁ’i 51441%
gmr ¥
1 2
.2 — A 2'__, = 8. z
where Sim gb.- PP ;A = L_Z___l<=,.> , Note +hat

¢ is another mixing angle and measures the effective stremgth of the U(l)P

isosinglet currents. Since ZR and Z do not mix, one has the following effective

neutral current interactions.

MC. . . yem 1+ '3 - , e
/{ :&{(?;L-ZS;«,‘%?#) {?ﬂL-—Zﬁmﬁw?f‘ )

Vi 4 (11)
. ‘0 ‘o
+ 50 D Y i
To relate to experiments, we rewrite the parity-violating piece of (11) as
NMC'—'% [Cuernue dr*us+(eneuyu
- - L3
7V i fu M u = A (12)
- —_ — T M
+ G el edyd + Cueledt id |



.-l[’_

(19

where

1l

(:1;;

_ 4 .2 .2
3 Sm %-f%émeﬁ

-2 51}11{9“, -+ Ji 5::112?‘5

L
Z
C:ZLL - '%

Cia = -

Ni—

21 <2 J—- b 2
+-3—5mz9w+25m95

Czd:—-

Y-

+ 7_. 51;41(9W + J?: _‘u'uzﬁ#

B. Comparison with Data

(13)

Parity-violation effects due to neutral currents have recently been measured

in two different types of experiments, namely, (1) polarized electron scatter-

ing and (2) parity violation experiments in heavy atoms particularly Bi and T

In polarized-electron deuterium scattering, one measures the asymmetry

A= (0'“ -0, )/ { 0;2 +0.) due to parity violating interactions. The

asymmetry can be expressed as

A/&’ = Qa, + Qa, [1=G-92]/(1+ (-47"]

where

A, (exp) = (-97% 2.¢) xro-g

a (exp) = (49484)x10°

In terms of the neutral current coupling in (12), one finds (20)

(14)

(15)
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&d) TS

The experimental data in terms of (16) and (13), gives two constraints on
5!;1 29'” and 5”'12¢ . In Fig. 1, we plot the allowed region of Sin zﬁw

and 5r1'42¢ as determined from the data (15). One sees that for a range

of 5!;12¢ , the model predicts flat y distribution consistent with present

data,

We can similzarly determine the allowed region of 5:.;:29!” and 5!512?5 from
the results of atomic bismuth and thallium experiments. In order to interpret
the data, we assume standard atomic calculation, and in turn express the
experimental results in terms of

W, = 2(1-478,) =N +3(2+N)si’S (17

(21)

The Novosibirsk experiment gives Qw = - 140 * 40 which is much larger

than the Seattle and Oxford result (22) (Qw =-4316 and 18 z 32 respectively).

The thallium experiment 23

also reported non-zero parity violation effects
with however bigger error bars. Before the experimental situation is clarified,
one cannot draw any conclusion. EHere we use the published results only to
indicate the possible conclusions one can draw. As we see from Fig. 1 the
Oxford and Seattle results would give Si;:z¢ in the neighbourhood of 0.2

whereas the Novosibirsk and thallium results would indicate that sinzgf' is very

small., Note that 511:12¢f is theoretically positive whereas the data of the
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thallium experiment is more consistent with negative values. Since 5n;ﬁ¢
measures the strength of the chiral U(1) currents whether there is any evidence
for U(l)R currents depends on the final outcome of the atomic experiments.

In view of the uncertainties involved in atomic physics calculations, one still
cannot draw any definite conclusion. Nevertheless, we like to emphasize

that the question is not whether parity is viclated or not but at what

level is it experimentally seen.
C. Implications for Future Experiments

We briefly discuss below one low energy experiment and two high energy
experiments which will provide more crucial tests of the chiral U(l)P

currents.

(1) FParity violation in hydrogen and deuterium. The hydrogen and deuterium
experiments are difficult experiments but provide the needed information in
order to determine the electron neutral current couplings in a model dependent
way. In particular, some of the levels are much sensitive to the chiral U(Il)

currents, such as the following transitions

< ';; My: =-] ! H‘RV»I ﬂ, MF =1 > for hydrogen
<e , M'F - ii'z. ‘ H'P.V. I A, MF :-j.% > for deuterium

These matrix elements as well as 2 few others are listed in Table 2.

(2) Electron and proton colliding experiments. High energy electron and

proton colliding beam experiments (LEP) cffers an excellent chance to study
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the weak neutral currents, since at large q2 (virtual photon momentum squared)
the electromagnetic and weak interactions have equal magnitudes. By having
pelarized electrons, one probes either left-handed or right-handed currents.
For example a right-handed electron interacts with the proton with the

following form

2
G .z n3 -2 * 8 ml
20 { 230 Gy (=2 B B ) mz-g* (18)
Lo W _
st 3. Tt iea’”uﬂ;)e
/aR mi—.%i
ER

For q2 near the Z_ mass, the second term would be non-negligible. The actual

R

effects depend on the Z_ mass. As an estimate, we note

R
z Z 3” f t o it :
ng = m'z’ (;;;;1 ) Py ")5 , and assume g' = g'' {(chiral U(i) @ U(1)
symmetry), then mr 2 $m B  If 4y z{# ~0.2, then Y, is

close to MZ, otherwise it is presumably heavier.

(3) ete” colliding experiments. By measuring the forward-backward asymmetry
in muon pairs or hadronic channels, one measures the VA interference terms
between the electromagnetic and weak interactions. These effects get enhanced
at high energies. The prediction of the Weinberg-Salam model is well studied

(24)

in the literature and we are looking for possible deviations from the

Weinberg-Salam model. Since Z_ is probably heavier than the Z boson, such

R

deviations are small at low energies and not likely to be picked up experimentally.
. . + - . g

We may have to wait for the next generation of e e colliding facilities

in order to see the effects induced by the ZR boson.
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IV. Conclusions

We have attacked in this paper two problems in gauge theories of strong,
electromagnetic and weak interactions which at first glance are unrelated.
One is the CP non-invariance due to instantons. The other concerns the weak
neutral currents probed by electrons. Both problems have been of considerable
interest recently, the former because of the theoretical difficulty the
latter because of the speculations due to experimental uncertainties. These
two problems could in fact be related. As Peccei and Quinn have pointed out,
the Higgs potential knows about the instantons through the Yukawa couplings
with quarks. Furthermore, if the Lagrangian possesses a chiral U(]l) symmetry,
the strong interactions (QCD) is CP invariant exactiy because the Higgs
potential depends on @ , which is a strong interaction parameter. Because

of the instantons, we see that the strong and weak interactions can be in-
fluenced by each other. The axion is a strong interaction Goldstone boson,but has

a weak interaction mass and couplesweakly with matter.

The weak neutral currents are similarly affected by the strong interactions,

in turn due to the existence of instantons if the chiral U(1) symmetry is a
gauge symmetry, Gauge chiral U(l) symmetry serves two purposes. (1) It induces

a global chiral U(1) symmetry to remove the CP violating phase due to the
instantons. (2) It avoids the problems faced by the axion in the SU(2) @ U(1)
model. However, if chiral U(l) symmetry is a gauge symmetry, one can have a

new kind of anomaly, namely,'%kose created by quark loops coupling to the chiral
gauge boson and two color gluons. A consistent theory requires the anomalies

to be cancelled.Because of these constraints, and the chiral nature of the U{1)

symmetry,the particle representations are unique under the gauge symmetries.



Therefore the weak neutral currents are also determined.

If one believes that CP should be a symmetry of the strong interaction (QCD)
theory, rather than a property of a particular vacuum state, we have argued

for the need of a gauge chiral U(l) symmetry, consequently the existence of
chiral U(1) weak currents. The interesting peint is that the peutrino inter—
action does not know about the chiral U(!)R weak currents, therefcre it provides
no test of ocur mcdel. The electron neutral current data ceould turn out to
support chiral U(l) currents, although the present experimental situation is

too confused tc conclude either way.

What we have succeeded in this paper are: (1) We have demomstrated a realistic
medel for the Peccei—-Quinn mechanism. (2) We have shown an example in which

the Higgs boscns have nontrivial representations under both SU(2) C) U(l)

and G = U(1) , but the neutrine interactions are nonetheless still identical

to the Weinberg-Salam model by the virtue of a chiral “"hypercharge conjugation”
symmetyy. This is perhaps the first example of its kind. Note that most examples

in the literature belong to the class considered by Georgi and Weinberg.

Firally we remark on the experiments which could bear on the issues discussed
in this paper. One area of experiments is parity violation experiments in
heavy atoms, where the isoscalar chiral U(1) currents are enhanced by the
atoric numbers. Thus if the parity viclation effects observed deviate from
the Weinberg-Salam prediction, it could be interpreted as evidence for chiral
U(1) currents, particularly in view of the fact that polarized electron
deuterium data already put severe constraints on the weak neutral current

couplings. However, because of the uncertainty in the atomic theory calculations,
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a more definitive test would have to come from deuterium or hydrogen ex-
periments. We have pointed out above that there exist a few transitions
which are sensitive tc the isoscalar components of the weak neutral currents.
If for some reasons the effective strength of the chiral U{l) currents should
be very small, then we would not see it in low energy experiments, but high

+ - ‘g . . . .
energy ep and e e colliding experiments could perhaps unveil its existence.

The other area of experiments concerns the detection of the axion. We believe

that an improved experiment in J{— 7LEE would be sensitive to the axion

effects and perhaps doable in the near future.
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Table 1. Hypercharges of the fermion representation

Q L 7R by by
2 1 4
Y. 3 3 3 0 ‘
I 2 2
nN. -1 -2 -2 0 1
. 3 3 3
2 1 4
t, 3 3 3 0 !
o -1 -2 -2 -
b, 3 3 3 0 !
v, 0 -1 0 0 1
et. "I "] "2 O l
2! 0 -1 0 0 -1
FY
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Table 2. Matrix elements of the weak Hamiltonian between

25I / and SP states in hydrogen and deuterium.

2 1/2
The energy unit is A= 0,013 Hz, See ref. (25).

Hydrogen

(£, O] Hyg| B,0> = ~TA (1125 - 4.5 sin’g + 1.725 sin’d )

2

£, -1 [ H‘Pv’ P,'D = 1A ("0.25(% - 2 sin gw) + 1,27 sinzﬁﬁ 3

a =___'2 . 1 _ . 2 . . 2
(z, 0] Bpy[ B,00=-12A01.25(; - 2 sin’d ) + 0.22 sin'¢ )
Deuterium

Y] B A= (34 (0.45 sin’$)

"
>
+

<f’ %I H‘Pvlﬂrlf>= 1A (-2 sinzo;+ 3.45 sin?'(‘l,’)

%l Hpv[ b= -tA (-2 Sinztgz + 3 sin'd)

P
o
I

A
N
[}

3| By [p~B= —14 -2 5in’8 + 2.5 sin’d)
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Footnote

F 1 The answer is partially given by Georgi and Weinberg,

ref. (/§). Here we are interested in realistic models.

F 2 This allows mass mixing between heavy and light quarks.

Figure Caption

Allowed region in sinzé&’ and sin%f frow polarized electron deuterium
experiments (ref. 8), atomic bismuth (ref. 21, 22) and thallium (ref. 23)

experiments with one standard deviation.
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