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There is new experimental evidence which may be interpreted as a small departure from quark-lepton universal-
ity. We propose to understand this as the result of a hierarchy of mass scales in anatogyte << Agcp

for strong isospin. We shoWGr)i < (Gr)f," < (Gr)§i¢ < (Gp)© in principle, but all are still
approximately equal. New physics is predicted at the TeV scale.

1 Introduction However, if (GF){C < (GF)§¢, as we will show, then the
above is actually expected
In the Standard Model, the low-energy effective weak inter-

actions are of the form (2) The NuTeV experiment [3] which measurgs and7v,,
e ) scattering on nucleons reported a value of
Moy = 2GF {m )4 (5 = sind gy ) } 7
VR LA / Wi " sin? By = 0.2277 + 0.0013 % 0.0009, @)
where ) as compared to the Standard-Model expectatidn2#27 +
4Gr _ g° _ 9 +d _ 1 @ 0.00037, assuming thatGr)Y“ /(Gr)f,° = 1. In our

V2 o 2M2, 2M2 v2 model, this ratio will be smaller than one, which would

L , explain the data if it is0.9942 + 0.0013 + 0.0016 and

Note thatG'p is independent of andg’. sin? Ay does not change. However, we do expect the latte
As aresult of Eq. (1), there are 3 predictions: to change, but since its precise determination comes #fom

q P o decay, we need to consider also data atthvesonance.
(A) G} =Gp, sin” 6, =sin” Oy; (3)

(B) G% =Gp=Gp (4) (3) In precision measurements ofe™ — Z — gg andll,

(©) GS° =qahe. (5) there seem to be two different valuessaf® 6. ¢, i.e. [4]
Possible experimental deviations of (A) and (C) have now (sin® ey f)hadrons = 0.23217(29), 9)
been observed at therdevel. Whereas it is too early to tell (sin® O ff)ieptons = 0.23113(21). (10)

for sure that these are real effects, it is clearly desirable to

have a theoretical framework where departures from quark-This may be an indication of a small deviation from quark-
lepton universality are naturally expected and which reduceslepton universality.

to the Standard Model in the appropriate limit.

In this talk | will show that (1) is naturally explained

. . ) by a gauge model of quark-lepton nonuniversality [5], the

2 Three Experlmental Discrepancies prototype of which was proposed over 20 years ago [6] for

generation nonuniversality. As a result, effects indicated by

(1) Arecent measurement [1] of the neutypndecay asym-  (2) and (3) are also expected, but the observed deviations a
metry has determined that too large.

V| = 0.9713(13), (6)
which, together with [2]V,,s| = 0.2196(23) and |V,,| = 3 Gauge Model of Quark-Lepton

0.0036(9), implies the apparent nonunitarity of the quark Nonunlversallty
mixing matrix, i.e.
Consider the gauge grow§lU (3)¢ x SU(2), x SU(2); x
[Vaal? + [Vus)? + [Vas|* = 0.9917(28). ) U(1), x U(1); with couplingsgs andg; » 5 4 respectively.
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The quarks and leptons transform as This implies that the ratio

(u7 d)L ~ (37 27 ]-7 1/67 0)7 (11)
ur ~ (35 15 172/370)7 (12) (GF)l]gfc ~1-— < 41)% ) ﬁ (28)
dp ~ (3,1,1,-1/3,0), (13) (Gr)© v+ 03 ) w?
(Vve)L ~ (17172707_1/2)7 (14)
er ~ (1,1,1,0,-1). (15) is what NuTeV actually measures [3]. The corresponc
The scalar sector consists of sin? @y, expressions depend on the identification of the
o servedZ boson as a linear combination of the 3 mas:
(of,0)) ~ (1,2,1,1/2,0), (16) neutral gauge bosons of this model, which will be discus
(¢2+7 ¢g) ~ (1,1,2,0,1/2), (17) in the next section.
X'~ (1,1,1,1/2,-1/2), (18)

and a bidoublet

L[ —n*)
=— ' ~(1,2,2,0,0), 19
1= ()~ o)
which is assumed to be self-dual, i.8. = 7n*m. Note _ o
that g1 may be different fromy,, andgs may be different ~ There are 4 ele_zctrowegk gauge couplings in this model.
from g4, So there is no quark-lepton symmetry at this level. electromagnetic couplingis given by
The remarkable fact is that the effective low-energy weak

4 Observables at theZ Pole

interactions of the quarks and leptons will turn out to be in- 1 1 1 1 1
dependent o, » 3 4+ and become all equal in a certain limit, G- atatat o (29)
as shown below. 2 91 92 93 91
Consider
@) =va (O =w (=u @) Defings, =g+ hepholontand3 othonoms
o osons are given in the ba , WP, By,
then the2 x 2 charged-gauge-boson mass-squared matrix is g % a> o 1) by
given by
o _ 1 g1 (v} +u?) —g192u° A = e ks li 1 (30)
My =5 2 2(02 2 . (21) Ta0 ga’ ’
2 —g192u g5 (v3 + u?) 91 92 93 94
Thus the effective lepton-lepton charged-current weak- Z1 = e < 912 ’ 912 7 —9347 —934> @)
interaction strength, i.e. that gfdecay, is 93491 93492 91293 g1294
1 -1
4(GF)gC _ ﬁ (M72) — u2 + U% (22) Z? = gi12 <77 ) 07 0) ’ (32)
V2 2 R (of ¢ ud)u? + vfed 2o
. . 1 -1
whereas the analagous expression for nugledecay is Z3 = g <O, 0, " g—) . (33)
4 3

4Gr)ic 2

( F)lq _ 9192 (M;VQ) = — 2“ — (23)
V2 2 12 (vf 4 v3)u? + vivs

Note that both are independentg@fandg., and their ratio

is not one, but rather

(Gr)° u? v?

= ~1——. 24
(Gr)G©  u?+403 u? (24)

The apparent nonunitarity of the quark mixing matrix, i.e.

Eq. (7), is then naturally explained with

2
U1
= 0.0042(14). (25)
As for the effective neutral-current interactions, we have
AGr)° u2w?
V2 (0] Fop)utw? +ofuy(u? + w?)
SO () ) e
V2 u? v+ 3 ) w?
4G _ wiw? + v} (u? + w?)
V2 ]+ udute? + ofud(u? + u?)

:@{1+(i) ”q. 27)

12 12 | o2

The observed boson is approximatel§f; — exZ5 — €323,
where

4 2,2 2,2
v? — gav
6 ~ 93439132 <91 1 292 2)7 (34)
€gi g5 u
912934 [ —g3vi + giv3 3
B = 3.3 2 : (35)
€954 w

Deviations from the Standard Model must occur and qu
lepton universality inZ decay is violated ife; # 0 or
€3 7é 0.

We have obtained [5] all the appropriate expression:

the expected deviations from the Standard Model in te
of 5 parameters:

2 2 2 2 2

i v _vn 9 _ 9 6
DR 277':727.1/: 2 271: 2 2 ( )
urw v 91 + 93 93 + 9;
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Table I. Fit Values of 22 Observables

Observable Measurement Standard Model  Pull  This Model  Pull
T; [MeV] 83.985 + 0.086 84.015 —0.3 83.950 +04
Lino [MeV] 499.0+ 1.5 501.6 -1.7 501.2 -1.5
Thaa [GeV] 1.7444 4 0.0020 1.7425 +1.0 1.7444  —0.0
A% 0.01714 4 0.00095 0.01649 +0.7  0.01648  +0.7
A(Py) 0.1465 + 0.0032 0.1483 —0.6 0.1482  —0.5
Ry 0.21644 + 0.00065 0.21578 +1.0 021582 +1.0
R. 0.1718 + 0.0031 0.1723 —0.2 0.1722  —0.1
ASP 0.0995 + 0.0017 0.1040 —2.6 0.1039 —2.6
Ay 0.0713 + 0.0036 0.0743 —-0.8 0.0740 —0.8
Ay 0.922 4+ 0.020 0.935 —0.7 0.934 —0.6
A 0.670 +0.026 0.668 +0.1 0.665 +0.2
A;(SLD) 0.1513 + 0.0021 0.1483 +1.4 0.1482  +1.5
sin® 0.7 (Qgp)  0.2324 4 0.0012 0.2314 +0.8 02322  +0.2
mw [GeV] 80.449 + 0.034 80.394 +1.6 80.390  +1.7
I'w [GeV] 2.139 4 0.069 2.093 +0.7 2.093 +0.7
I —0.040 4 0.015 —0.040 -0.0 —0.039 —0.1
g —0.507 +0.014 —0.507 -0.0  —0.507  —0.0
(g2l 7y? 0.3001 + 0.0014 0.3042 —29 03032 —22
(g77)? 0.0308 + 0.0011 0.0301 +0.6 00299  +0.8
Qw (Cs) —72.18 £ 0.46 —72.88 +1.5  —=72.26 402
Qw (Tl —114.8 £ 3.6 —116.7 +0.5  —115.7 403
> i [Vasl?  0.9917 +0.0028 1.0000 -3.0 0.9902  +0.5

and performed a global fit to 22 observables. The best-fit standard-model prediction sifa? 8y, = 0.238, our expecta-

values are tion is that the above measurement will shift by orl®.2%
02 2 from its standard-model prediction. The new polarized
—; = 0.00489, —12 = 0.00238, (37) elastic scattering experiment (Qweak) at TINAF (Thomas
r=10.2, y=0.0955, x = 0.135. (38) Jefferson National Accelerator Facility) is designed to mea

Our results are summarized in Table I.
We see that we are able to explain the apparent nonunithat the scale of new physics, i.e. andw, is at the TeV

tarity [1] of the quark mixing matrix and reduce the NuTev scale. Specifically, using the best-fit values-of;, andz,

discrepancy [3] while maintaining excellent agreement with We find My, ~ Mz, ~ 1.2 TeV, andMz, ~ 0.8 TeV.

precision data at thg resonance, except for thé forward-

sure Qy of the proton to an accuracy of about 4%. We
expect a shift of only+3.0%. Using Eq. (37), we see also

backward asymmetry measured at LEP, which is also notAcknowledgments

explained by the standard model. In fact, the shiftidf’ is

given in our model by

0,b
AAf'b =
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%(AUAA;, + AyAA,L)
= —0.07Asin?6, — 5.57Asin?6;. (39)

(especially Maria Beatriz Gay Ducati) was greatly appreci-
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Because of the dominant coefficient of the second term, it
measures essentially the same quantitaand there is no
realistic means of reconciling the discrepancysiof’ 6. ;

at theZ resonance usingp versus using leptons in the final
state.
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5 Other Effects

The new polarized~e~ — e~ e~ experiment (E158) at

SLAC (Stanford Linear Accelerator Center) is designed to
measure the left-right asymmetry which is proportional to
Gr(1 — 4sin? ) to an accuracy of about 10%. Using the



