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I. STANDARD M3DEL PARAMETERS

Let me begin my talk with an overview of the 18 independent

parameters of the "standard" SU(3)C x SU(2)L x U(l) model. Three

of those are the strong and electroweak gauge couplings g3, g2 and g± .

The QCD coupling g3 is conventionally parametrized in terms of a mass

scale A m such that for an effective 4 flavor theory, i.e., m < u _< m, ,

Che running coupling 03(11) = g3 (U)/4TT is given by

cc,(u)
'3VK/ ~ 7 2 , a25 la (U2M_)

MS

12. j _ 4 6 2 * ° * n

625 in
MS J

(1.1)

The branching ratio for radiative upsilon decay now gives
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+100
A - 100 MeV (1.2)
MS -50

for this parameter. This value is considerably below the accepted

average of several years ago and has important implications for grand

unified theories3 (see section IV).

The electroweak couplings g2 and gj are generally traded off for

the electric charge e and the weak mixing angle 9y via the bare re-

lations sQ
2 •= g2g

 s i n 2 ey a n d t a n Z eu = 3Sin /'5g2n" T h e f i n e s t r u c t u r e

constant a = e /4rr (at zero momentum transfer) is measured by the

Josephson effect to be

a"1 - 137.035963 (± 15) (Josephson Effect) (3.3)

Kinoshita's fourth order calculation of the electron's anomalous

magnetic moment combined wich the precise experimental value obtained

by Dehmelt's group now gives

a"1 = 137.035992 (± 7) (ge~2)/?. (1.4)

Is the slight discrepancy between these results spurious or is it a

manifestation of new physics? Even more precise experiments along

with continued calculations may provide an answer. Iv. the case of

sin28 , the average value obtained from deep-inelastic neutrino
. . 6

scattering is

sin2ew = 1 - ^
1/m7,

2 = 0.217 ± 0.014 (1.5)

More recent results although consistent with this range, tend to have

somewhat higher central values. These developments will be discussed

in sections II and III.

There are two intermediate vector boson masses nu and m_ which

are however constrained by the lowest order relation nu = mi cos9

when the simplest Higgs mechanism is employed. The CERN VA1 and UA2
7 fi

collaborations have reported *"
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m = 80.9 ± 1.5 ± 2.4 GeV

UA1 (1.6)
I

m = 95.6 ± 1.5 ± 2.9 GeV

81.0 ± 2.5 ± 1.3 GeV
I

UA2 (1.7)
I

mz = 91.9 ± 1.3 ± 1.4 GeV

Within the large errors, both experiments are in agreement with each

other as well as with the standard model predictions (see section

III). However my and m^ are correlated such that nig-my and

mz/mw are tightly constrained in the standard model
9. UAl's

results for these quantities deviate by about la from theory while UA2

is in very good agreement with theory.

Tht Higgs scalar mass mjj is essentially a free parameter.

Theoretical arguments suggest

7 GeV < rî  < 1 TeV (1.8)

If the H is light, it should be detected at SLC or LEP via Z + He+e~

or Hf. Radiative toponium decay might also be a good source of light

H's. For a very heavy H, its discovery will best be accomplished by a

high luminosity pp collider via the reaction gluon + gluon + H * W+W~

or ZZ.10 Verifying the Higgs scalars1existence or finding some

dynamical substitute is one of the outstanding challenges facing high

energy physics.

Associated with the known 3 generations of fermions are nine

independent masses. Their phenomenological values are (see Ref. 11)

m
e

md

m
u

- 0

=

.511

9

5

MeV

MeV

MeV

m «
VI

m -
s

m -
c

105.66

175

1.25

MeV

MeV

GeV

mT -

m b *

mt >
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78

5
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The lower bound on mc comes from PETRA data. It is anticipated that

the next CERN collider run should discover the t via W + tb accompa-

nied by t * bev if mt < 60 GeV.

Finally, there are the three independent quark mixing angles Qi,
12

92l 63 and the CP violating phase 6. The status of these parameters

has been reviewed in great detail by L.-L. Chau . A very recent

development is the measurement of the b lifetime at PEP. Two groups

both find an anomalously long lifetime

T, - (1.8 ± 0.6 ± 0.4) x io~12 sec MAC (1.9a)
b

+0.45
T = (1.2 ± ± 0.3) x 10 sec MARK II (1.9b)

-0.36

These values when combined with the branching ratio bound

T(b + u)/r(b -> c) <_ 0.05

suggest a need for a large phase 6 and nij. > 40 GeV if one is to

account for the CP violating e parameter in KL decays . More

refined determinations of Tj, and a direct measurement of nij. may

eventually indicate an inconsistency in the 3 generation model. Such

a scenario would signal a need for new physics such as a fourth

generation, additional Higgs scalars etc.

In addition to the standard 18 parameters, there may be neutrino

masses, lepton mixing angles, additional scalars, fermions or even

gauge bosons. As experimentalists make new discoveries and measure

the uncovered parameters with high precision, theorists seek natural

relationships (such as ny = n^ cos $„) in their attempt to understand

their origin. Such relationships are generally obtained by imposing

symmetries. In that regard, we now know how tc correlate the three

couplings g3, g2 and gj through grand unification (see section IV).

Mass parameters, on the other hand, are far from being understood. They

remain an outstanding puzzle for theory.
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II, NEUTRAL CUESENT PHENOMENOLOGY AND *in26H

Low energy neutral current phenomenology in the standard model

depends on a single parameter, sin26H. (However, we often relax the
2 2 2

condition p i IIL, /nu cos 6 - 1 and do a two parameter fit to the

data; see below.) There are two distinct definitions of the renorma-

lized weak mixing angle which are popular. The first definition that
18

I employ in this talk is given by

sin26w = 1 - m / / ^
2 (2.1)

It is particularly well suited for discussions concerning W* and Z

masses. A second definition which is more useful for model indepen-

dent analysis and studies of grand unified theories is to employ

modified minimal subtraction IS with u - my. We call this quantity3

sin28 (m^> (MS Definition) (2.2)

In the standard model with m^ - m_ and m = 36 GeV they are very

similar in magnitude

s i n 2 ^ ^ ) = 0.994 sin26w (2.3)

Deep-inelastic neutrino scattering presently provides the best

determination of sin26w. The world average, including radiative

corrections, obtained from R =a(v + N + v + X)/o(v + N • y + X)

is6

sin26 - 0.217 ± 0.014 (2.4)

w
New preliminary results from CDHS suggest, however, a somewhat higher

value of about20 0.232 ± 0.012 ± 0.010. The final outcome of their

analysis should be quite interesting.

A combination of neutrino and antineutrino data (Rv & Ry)

allows a two parameter fit which yields

p - 1.02 ± 0.02 (2.5a)
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sin26w - 0.238 ± 0.030 (2.5b)

The closeness of p to 1 provides strong support for the standard

model.

In the future, v11(vu)-electron scattering should determine

sin 6y with about a 52 uncertainty. Such experiments have the

advantage of not depending on strong Interaction effects. The really

precise determinations of sin28w will, however, ultimately come from

measurements of ny and m^< Developments in that area are the

subject of the next section.

III. \T AND Z MASSES

Radiative corrections to the W~ and Z mass formulas are quite

large in the standard model21. Therefore, precise measurements of

my and mz test the theory at the level of its quantum corrections in

much the same way that g-2 measurements test QED.
1 ft

Including all 0(a) corrections and summing the large leading

logs from vacuum polarization effects21, one finds9»18»22

j ^ y (3.2)

where

G^ = 1.16634 ± 0.00002 x 10"5 GeV~2 (3.3)

is the muon decay constant, a is given in Eq. (1.3) or (1.4) and Ar

incorporates the entire O(ct) radiative corrections. Inserting the

numerical values of a and G in the above expressions yields

HL, - A/sin8u (3.4a)
w w

m^ - 2A/sin28w (3.4b)
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/ 2 G

>l/2 _ 37.2810 ± 0.0003 GeV
TTJ2(l-Ar)J

(3.4c)

To examine the interdependence of nty and m^, it is useful to

eliminate 8 W between Eqs. (3.4a) and (3.4b). That leads to the

following relationships

(1 -

"w " " z

mz

1-1 +/1-4A2 An/11/2

D z " " w

Ar = 1 -
(37.281 GeV)2

- 1

-,K^S)1

(3.5a)

(3.5b)

(3.5c)

(3.5d)

(3.5e)

sm2ew - i - (3.5f)

Given a value for nty or mg, the other is predicted by these

formulas. If both m^ and m^ are known, then sin26w and the

radiative corrections Ar can be obtained from these formulas.

A numerical evaluation of the 0(a) corrections in Ar employing
o

sin 6y » 0.217, » mz and mfc - 36 GeV l e a d s t o

Ar - 0.0696 ± 0.0020 (3.6)
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where the uncertainty is due to hadronic contributions to the photon

propagator (vacuum polarisation). Inserting this value into Eq.

(3.4c) yields

A - 38.65 ± 0.04 GeV (3.7)

For sin26w - 0.217 ± 0.014 (see Eq. (2.4)) and the results in Eqs.

(3.1), (3.2) and (3.7) one obtains the standard model predictions

+2.9
m,, - 83.0 GeV (3.8a)
^ -2.7

+2.4
mv - 93.8 GeV (3.8b)
Z -2.2

n^ - n^ = 10.8 ± 0.5 GeV (3.8c)

Another nice test of the standard model is provided by the

relationship

(3.9)

4
which should be 1 for the minimal Higgs structure. Note that the

bounds on p from Rv and R^ in Eq. (2.5a) already severely

constrain the allowed m. , m values.

The utility of the above formulas is well illustrated in Table I

where a comparison of the UA1, UA2 and standard model with sin29y =

0.217 ± 0.014 is presented. Notice that UA2's results for n^-nty,

p and 4r are very close to the standard model's predictions while

DAl's values agree only at the 2<J level. The next collider run should

substantially reduce the errors on my and m% and thereby provide

the best determination of sin29w. Used in conjunction with Eq.

(3.5e) those mass values will yield Ar at a level that may test the

standard model at the quantum loop level. In the future, we can hope-

fully look forward to a determination of mz to within ± 0.1 GeV and

my to within ± 0.25 GeV at the next generation of colliders10.



TABLE I . Comparison of the UA1 and UA2 results with theoretical expectations.
Values given assume 100% correlation in the n^ and mz systematic
uncertaintier

UA1 UA2

Standard Model
with sin26w

0.217 + 0.014

3
O
>

O

-w (GeV)

(GeV)

n^ - n^ (GeV)

sin^e,, - 1 -

Ar

sin2 0 » (•38.65 GeVs

80.9 t 1.5 ± 2.4

95.6 ± 1.5 ± 2.9

14.7 ± 2.1 ± 0.4

0.284 ± 0.035

0.252 ± 0.072 ± 0.045

0.228 ± 0.008 ± 0.014

0.928 ± 0.038 ± 0.016

81.0 ± 2.5 ± 1.3

91.9 ± 1.3 ± 1.4

10.9 ± 2.8 + 0.2

0.223 t 0.053

0.051 ± 0.173 ± 0.030

0.228 ± 0.014 ± 0.007

1.006 ± 0.052 ± 0.010

83.0
+2.9
D
-2.7

+2.4
93.8

-2.2

10.8 ± 0.5

0.217 ± 0.014

0.0696 ± 0.0020

0.217 ± 0.014

1



89

W. MARCIANO

IV. TESTIHG THE "GREAT DESERT HYPOTHESIS"

Precise measurements of the standard model's parameters are very

important for advancing theory. Indeed, one expects them to be

completely calculable in the ultimate theory. The point is well

illustrated by the SU(5) Georgi-Glashow model23. Assuming the

existence of a "Great Desert", i.e. no new mass scales between oty

and mv_i the unification mass, the minimal SD(5) predictions in Table

II are found

TABLE II. Miniaal 30(5) prediction* for a given Agg.

26±1
0.025

0.050

0.10

0.20

0.40

0.226

0.222

0.218

0.214

0.210

81.3

82.0

82.8

83.5

84.3

92.3

92.8

93.6

94.3

94.9

3 x 10 3 x 10

13 27±1
6.2 x 10 3 x 10

14 28±1
1.3 x 10 5 x 10

14 29±1
2.7 x 10 5 x 10

14 31±1
5.5 x 10 io

Given one of the parameters in this table, all the others are

determined.

The present bounds on the proton lifetime,

(re*P > 1031 ~ 10 3 2 yr)

seem to already rule out SU(5) with the "great desert" hypothesis.

However, one worries that the order of magnitude uncertainty in Tp

assumed in Table II may be underestimated. After all, we don't have

any real tests of our ability to estimate baryon number violating
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amplitudes. An alternate test of minimal SU(5) w i l l be possible when
precise measurements of ATJS and s in 8y are made. Those
parameters are related by

sin 26 - 0.218 ± 0.006 in £0.1 GoV)/A ) (4 .1)
MS

The present average sin28w « 0.217 ± 0.014 i6 in good agreement with

the Aj= range in Eq. (1.2) found from upsilon decay. However, if

sin2ew turns out to be « 0.23, QCD could not accomodate the corre-

sponding value of A^s ("10 MeV). An amusing scenario would be

one in which the relationship between sin^O^j and Agg in Eq.

(4.1) holds but proton decay fails to be observed. In any case, the

SU(5) example clearly illustrates the usefulness of precise measure-

ments and the tight constraint they provide for theory.

V. COMMEBTS

The theme of the preceeding sections has been the need for

precise measurements in elementary particle physics. We should strive

co determine the 18 standard model parameters with the highest

precision possible. Deviations from the standard model would indicate

new physics. In addition such measurements constrain and test

extensions of present theory such as the SU(5) model. They thus

provide a window to energies higher than those accessible at

accelerators now or in the future.
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