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Clean Test of the Electroweak Theory

- by Measuring Weak Boson Masses

Zenro HIOKI

Department of Physics, College of General Education
University of Tokushima
Tokushima 770 , JAPAN

Role of the weak boson masses in the studies of electroweak
higher order effects is surveyed. It is shown that precise meas-
urements of these masses give us quite useful information for per-
forming a clean test of the electroweak theory, and for a heavy
fermion search. Effects of supersymmetric particles in these

studies are also discussed.
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§1. Introduction

The standard SU(2)xU(l) electroweak theory, i.e., the Glashow-
Weinberg-Salam theory})'z)has been very successful, and widely
accepted as a theory describing consistently the low energy weak
phenomena. Furthermore, the discovery of the weak bosons3)has shown
that it is also valid in the region up to ~102 GeV.

This success is, however, restricted to the analyses at the
lowest order of the perturbation. Therefore, more precise tests
beyond the tree approximation are indispensable as a next step.

As a matter of fact, many authors have made efforts for this purpose,
and consequently it is known that the higher order corrections to
various cross-sections and decay-widths which are normalized by Gpr

the Fermi coupling constant, are generally very small?)

We can there-
by conclude that the success of the theory is not affected by the
inclusion of the higher order effects. However, it is quite passive
confirmation of the theory. How can we test the theory much more
clearly? This is the main theme I would like to talk about here.

In relation to this problem, it is found by the studies of
several authors that the weak boson masses, MW and MZ’ take quite
important roles. By the use of the theoretical relation between MW
and MZ ( the MW-MZ relation ), we are able to make interesting

investigations.s)'s)

I will survey those studies as follows: First
I briefly summarize the calculations of the electroweak higher order
effects ( 82 ). Then, the MWQMZ relation is derived, numerically

examined and its application to a heavy fermion search is described
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7)

( 83 ). Recently supersymmetric theories'’are drawing attention of

particle physicists in relation to the anomalous events at CERN pp

8)

so I show in §4 the effects of supersymmetric particles

9)

collider,
in the MW-MZ relation. A conclusion is given in the final section.
§2. Electroweak Higher Order Effects
Higher order effects in the electroweak theory have been in-

vestigated for more than ten years. However, the purpose at an
early stage was a rather theoretical one, i.e., the confirmation of
the UV~-divergence cancellation by concrete computations. It is
after the phenomenological success of the theory ( especially after

3)) that particle physicists have

the discovery of Wi and Z bosons
become really interested in the experimental verification of these
effects.

Let us summarize renormalization calculations. Necessary steps
are as follows:
i) Fix a set of independent parameters through which we work.
ii) Introduce renormalization constants, and divide thereby the bare
Lagrangian into the tree one ( from which the Feynman rules are

)

produced )2 and the counterterms.

iii) Choose a subtraction scheme to fix the counterterms.

iv) Make actual calculations with a suitable regularization of the
UvV-divergence.

v) Determine the values of the renormalized parameters by taking

appropriate input data, and substitute them into the results.
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In the following I briefly explain the above steps.
1) The basic Lagrangian of the electroweak theory includes five
kinds of independent parameters except for the Kobayashi-Maskawa

10) They are g, g’ ( the SU(2) and U(l) coupling

 mixing parameters.
constants ), ¥4, A ( the Higgs potential parameters ) and Ie ( the
fermion-Higgs Yukawa coupling constant ). We may, of course, work
with any other combinations of them. Very convenient ones are e

( the electric charge ), Mw, MZ’ m, ( fermion mass ) and m¢ ( Higgs
mass ), which I adopt here in relation with the renormalization
scheme.

4)

ii) and iii) At present, several schemes are known. In prin-

ciple, all are equally good, but I think the on-mass-shell renormali-

2)/11)j5 easiest to understand for people who are familiar

zation
with the renqrmalization in QED. This is because the former scheme
is the most natural extension of the latter. I describe this on-

mass—-shell scheme briefly. The renormalization constants are intro-

duced as

* w2 m2 2 + _ J1l/2 % _
W~ boson: MWO = MW + GMW ’ wOu = ZW Wu ’ ( 2-1)
Z boson and A ( photon ):
1/2 1/2
p/ Z Z Y/
2 _ 2 2 Opl)_ zzZz ' “zA U _
Hzo = Mz T Mg (A )_ (zl/z zl/?‘)(A)' ca)
Ou AZ ' “AA H

Electric charge: ej = Ye . ( 2-3 )
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The other constants for the fermions, the Higgs boson, the Nambu-
Goldstone bosons and the Fadeev-Popov ghosts are introduced in a
similar way. These renormalization constants are determined by the
on-mass-shell conditions. For example, the conditions for 6M§, Z

2 A
GMZ and Zij ( i,j=2,A ) are

wl

ReHW(Mvzq)-Re]'[ M) =0, ( 2-4 a )
Re HZ(M’;) = Re nz'(Mg) = Re HZA(ME) =0 ,

’ ( 2-4 b )
m®0) = 1® (0) = 1%%0) = 0 ,

where Hw, HZ, HA and HZA are the transverse parts ( the coefficients

of = ) of the Wi, Z, A and Z-A proper self-energies respectively.
( Note that in the six conditions in Egq. (2-4 b), only five are
linearly independent due to the remaining U(l) gauge symmetry.)
Then, after similar applications for the other fields, we obtain the

+
physical masses Moo M, etc. and the properly normalized fields W,

Z
z, A etc..
iv) Much efforts have been paid for evaluating radiative corre-

4)

ctions for various processes ‘: v.e > v e v.e *> uv v > v

P u u€r u H e’ Uq uql
eqg -+ eq, e+e_ - p+u—, e+e- + Z2¢, <+-. As for the regularization
of the UV-divergence, the dimensional method is often adopted. All
those calculations are lengthy and tedious, and it is impossible to

mention details of them. I only show the relevant Feynman diagrams

for the one-loop correction to the muon decay-width T in Fig.2.1
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as an example.

wooo%
w w w
Fig.2.1.
g (m (2 (3)

Relevant diagrams for the one~-
: 3/ loop correction to the muon
/:;5/ >:%3/ decay. Blobs stand for all
possible one-loop diagrams.

Vowd Vow \ oz i (The scalar exchange diagrams
) ) ) are neglected as usual.)

v) In principle, any set of input data will do as long as we

have very precise experimental information on them. Actually, how-
ever, we are interested in studying how the success of the theory
at tree level is affected by the higher order contributions. Hence
we should use the same input data as those in the tree analyses.

There, the fine structure constant anP( = 1/137.036 ) and the muon

exp exp( -

decay-width T which is commonly expressed in terms of G

( 1.16632 % 0.00002 ) x 10> Gev 2 ) are always taken since their

experimental uncertainties are remarkably small. In addition,

various particle masses ( except for Mw and MZ )#l and the Weinberg
angle 51nzeeXP ( = 0.21-0.22 ) are usually used. ( The superscript

"exp" means the "experimental value". )
For the electric charge and the various masses, we can directly
substitute the input data thanks to the on-mass-shell renormalization.

( Concerning the top-quark mass m_ and the Higgs mass m we have to

t ¢’
assume some appropriate values. The m, and m¢ dependence of results


http:0.21-0.22
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will be discussed later, 883.1 and 3.2. ) On the other hand, a

little preparation is necessary in order to determine the values of

exp 2. exp

the remaining parameters and M, by G and sin”g . Suppose
Z F 1%

exp

that Bw

is obtained, e.g., in‘vue + Vue process, and let us ex-
press the corresponding amplitude ( under a suitable approximation )

as

Alve » ve ) = ey (a7 (a*)+8" (a®)y ey (1-v v . (2-5)

Similarly, the p decay amplitude as
ACu » ewv ) = 2% ghay -y HvC-9v* (v u . ( 2-6 )

Here, of course, ANC, BNC and ACC are the functions of e, Mw, MZ,

me énd m¢. Then, two constraints from GEXP and G;XP are written as
NC, 2 2
%[ 1+ éﬁaigil ] 5 2 ex ( =1———§ at tree level ) = sin29§Xp,
B (a®) g =<q”> P MZ
( 2-7 a )#2
2 exp
oM G
a°C0) (= - — s2—— at tree level ) = - E. (227 p )H2#3
ZMy (Mg —Me) V2

These simultaneous equations lead to "indirect" determinations of

exp exp exp

exp
w * Mf

¢

MW and MZ as functions of o ’ GEXP, sinze and m ( assumed
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value ). For example, we get the well-known results from the tree

expressions of ANC, BNc and ACC,

exp
(0)(= o _ 37.2813 ) - 77 Gev ,
W /3GEXP 2 _exp expl

g o sin“e | sin6

( 2-8 )

Méo)(=Mé0)/COSG$XP) ~ 88 Gev ,

where " (0)" means the lowest order approximation. Similarly, at

4)

one-loop level, "
mi) . 79.2 cev , mit) - 90.5 Gev . ( 2-9 )

Radiative correction to a cross-section is estimated with thus

determined parameters as

(1) (1) (0) (0)
y - o] ( o, MW,Z’ me, m¢ ) - O ( o, MW,Z’ me, m¢ ) ( 2-10 )
(0) (0) :
0 ( al MW,Z, mfl m¢‘ )

( Here and in the following, we sometimes neglect the superscript
"exp" for simplicity. )

As was mentioned in §1, it is known that resultant numerical
results for various processes are very small, and it seems quite
difficult to check A experimentally. For example, the corrections

to 0(0)( ve - ve ) arez)
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Lab

[ Bb2P | [ ]
1 (GeV) 0.86 (%)
102 0.89 ( 2-11 )
104 0.99

Must we abandan any clean test of the higher order effects?

3)

No! The discovery of the weak bosons™'has given us a new possibili-

ty. Egquations (2-8) and (2-9) are "theoretical predictions" for

. exp exp (1)
MW and MZ' and should be compared with Mw and MZ . If MW,Z are

more favored than Méoé definitely, it will be the first confirmation
!
of higher order effects. It seems to become possible in the near

future since the differences ( the one-loop effects ) AMW 7 = Mél;
14 14

- Méoé are unexpectedly large. ( As will be explained in 83.1, the
14

main origin of this large effects is the logarithmic term of the

form a ln(mf/MW'Z). )
However we need a further device to realize this possibility

since we cannot draw a definite conclusion from the mere comparison

of Méoé'(l)with EXp The reason is as follows: The results (2-9)
14

7"

14

have been derived from the fixed Méoé ( Egq.(2-8) ), but the actual
14

(0)
' &

M(0)= 88.8 + 1.4 GeV ) because the present data on ew include a

Z
rather large error, at least 5 g ( sinze§Xp= 0.229 * 0.010 )%2)

have non-negligible uncertainties ( Méo)= 77.9 + 1.7 GeV and

Therefore, the one-loop effects become totally unclear. Furthermore
it will not be easy to make the precision of 6§XP much higher due

to difficulties in neutrino experiments.
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It is a theme of the next section to mention the necessary

device.

§3. Weak Boson Mass Relation
Needless to say, the defect appeared in the end of the last

section comes from the use of the data on © Therefore, let us

W
eliminate ew from the analyses. That is, let us make analyses with

Eg. (2-7b) or

- peXp
rc a, Mw' MZ, Mg, m¢)—I‘

only. Consequently, we will obtain the interrelation between M

5)

and M, instead of the separate predictions for them. We call it

2
the MW-MZ relation. First ( §3.1 ), I explain this relation assum-

ing that all particles are relatively light ( < 100 GeV ), and sub-

-~

sequently study the effects of heaGy particles ( §3.2 ).

3.1. The MW—-MZ relation and light particle effects
In order to derive more convenient form of the MW—MZ relation

( the form in which Mw is calculated as a function of o, M m,. and

z' 7t
m, ), we separate ACC into two parts: the tree part and the one-loop

¢

correction,

CcC _ _
A .“AO(OL’MW'MZ)+Al(a'MW'MZ'mf'm¢). ( 3-1)

The tree relation is obtained by using A, only as

0
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1
2

(0) ) ] i ( 3-2 )

M

_ 2/2na
M GF

_ 1
=M, [ 51+ /1

N N

Similarly at one-loop approximation

| 3,,.,2 2.2
Mél)= : b, + MW(MZ - MW)
naM%(ZM% - M%)

A (o, Mo, M, mg, m, ) ]l

wm(0) -

( 3-3)

The explicit form of Al is found in Ref.2).
In the table 3.1 is given the numerical MM, relation. The

rather large one-loop effects, ]Mél)

—Méo)l vl GeV, observed in the

table are mainly due to the coexistence of terms proportional to

o &n me and a in Mw 7 in the calculations. These terms are combined
!

together in the final result, Al' and produce the large logarithmic

term o zn(mf/MW Z) ( especially large for f = e, u, u, d and s ).
14

(0) (1)
My M My
90.0 (GeV) 79.49 78.49
92.0 81.92 80.99
94.0 84.31 83.43
Table 3.1

The numerical MW—MZ relation. As for the quark and
the Higgs masses, we have chosen mu=md=ms=0.l(GeV), mc=l.5

(GeV), mb=4.7(GeV), mt=30(GeV) and m¢=10(GeV).
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Picking up only the log terms, we obtain an approximate formula:

(M, -M_")
Wi [ 2 Chw M) 2

(0) . ( 3-4)

m
£
T Qe n(z=)1} 1, _
2M§—M§ £ My MMy

( £ is the sum in all flavors and colors, and Qf is the corres-
£ .
ponding electric charge in |e| unit. )

This large one-loop correction is expected to make a clean test
of the theory possible. However, we need further studies since it
also indicates that the two ( and higher ) loop effects may be non-
negligible. Fortunately, we can easily estimate the size of

[ o &n(m/M) ]n contributions by the well-known techniques: the

n
operator analysis combined with the renormalization group equations}3)

I show here only the result, which is obtained by replacing

L a (M), 14)
a

2 m, . 1
35 LQein(fp) in Eq.(3-4) by 5{1—

f

2 .2
(M, -M) a (M)
’—-[Mw+—M-W—-§——D—1—‘§—{1- ) O (3-5)

2 (2M-M7) * MMy

(1) _

My

where a(p) is the running coupling constant
a(p) =af 1 +

14)

I again present the numerical results summing the effects of Eqg.

(3-5) and the remaining O(a) contributions in Table 3.2. We see
that the [o Qn]n (n>2) effects are less than 0.1 GeV. Furthermore

the azzn effects have been estimated by Sirlinls), and been found
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much smaller.-

My MQO) Mél{a] Mél{a+a2n] Mw1a+zanznn]

90.0(GeV)  79.49 79.54 78.49 78.41
92.0 81.92 81.97 80.99 80.92
94.0 84.31 84.35 83.43 83.36

Table 3.2

Mél{a], Mél%a+a£n]'and Mw[a+2an£nn] represent the
values with the 0O(a) (non-leading) effects only, with
the full one-loop effects, and with the full one-loop
correction plus the all leading logarithmic effects

respectively.

The remaining ambiguities are the quark masses and the Higgs

mass. Among them, the light quark mass problem can be avoided by

using the data of the Drell-ratio with the dispersion technique.#4

Moreover, it has been studied recently by another approaches.l7)

And it is known that the consequent ambiguity in M%l) is at most =

+ 0.05 GeV. Concerning m, and m¢, the change of the results is small
if m, < 100 GeV: Mél) decreases at most 0.1 GeV for m¢=10 + 100
(GeV), and increases ~0.2 GeV for m, =30 - 100 (GeV). Therefore, we

t

have now the results with quite satisfactory precision.
Let us proceed to a more concrete analysis. How precisely must
MW and MZ be measured for an unambiguous test of the higher order

effects? This has been assessed by Grzadkowski et al.}B) Suppose
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we get data on Mz as MZ-MEXP+AMexP. Then the calculated MW has the

following ambiguity,

(n)
Mvgn)= Mv(qn) E*¥Py + W aMSXP (nmg,1) L ( 3-6 )
Z
Since we can expec P 5> AMeXP, we may set

“TaM
=[$—-‘i+ & Ty o (0) -

] 2 2 =
7 /_Z—GFM.W(ZMW-MZ) My

lzz,..

€M
o
V3N

Q
=
8

+ . . . .
Next, let us assume that W boson mass is determined as MW= EXP 4

exp

A Then we'may conclude that Mél) is éxperimehtally}more favored

than Méo) if, e.g., the following criterion is satisfied,
1P - P 2 20, (MR - w MR <o, (307

where

‘ //, MW exp exp
o = aM (AMZ, ) + (AMy ) .
A much more convenient, sufficient condition is
R LR R i - [ER R

The second equation shows clearly the precision needed to test the

one-loop effects. For example, for MZ=93 GeV, AM;XP has to be less
than 0.31 Gev (0.23 Gev) for mM>*P=0.1 Gev (0.2 GeV) MDSO)/E)MZ
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= 1.19 )
These conditions are enough mild for our purpose since deter-

minations of M, to within the error of *0.1 GeV and M, to within

Z
+0.25 GeV can be expected in the near;future%g)( See also Ref.20)

and references cited therein. ) Therefore, we will be able to make
a clean test of the electroweak’theory as a renormaiizable field

theory. ( A similar analysis shows that sin26w should be determined
within "0.005 in absolute value for the same purpose. )18)

3.2. Heavy particle effects
In the preceding discussions, we have assumed that heavy particles
do not exist. How are those discussions modified if, e.g., the top-
gquark is not found in the region < 100 GeV? Let us investiga?e here
such a situation.

So far, there have been various approaches to get information

21)

on heavy particles or upper (or lower) bound on their masses.” In

relation to the present subject, Veltman’s analysis is famous,zz) in

which heavy fermion effects are examined by the p-parameter. However

1 23)

we have now only an upper bound on m_ ( < 310‘GeV ) due to the

12)

t

non-negligible uncertainty in pS*P, In contrast with this, we

can expect that much more useful analysis will become possible by

6)

the MW—MZ relation if accurate values for MW,Z are obtained.

Let us first study heavy fermion effects. Various fermions
w' Mg Mg, m¢ ) through the W boson self-energy.

o . * .
In addition, they also contribute to the vAW™  vertex ( %2=e,u ) since

appear in Al( o, M M
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the counterterms for this vertex include the renormalization constants

W (' The charge renormalization constant Y also includes
effect, but it is only logarithmic.) In the on-mass-shell renor-
2),11)

2 2
SMZ, 6MW and Z

Mg

malization scheme (see Egs. (2-4a,b)),

2 A 2 2 _ W 2 _ W'o2 _
8Mp = -Re Iy (Mz), My = -Re Iy (M), 2y = Re iy (M. (3-9)

Z2,W
€T )
For example, the finite part of H(U)( except for the coupling con-

express "unrenormalized" quantities )

stants and numerical factor ) is

w2
Twy (@)
v S5 dx{m? (1-x) +mox-2q7x (1-x) }en{m? (1-x) +max-q°x (1=x)} , ( 3-10 )
( m,, m, : masses of.fermions in the loop )

so we recognize that Al has m% dependence through éMé 7° The éMé 7

dependent part of Al is

WdMé GMg SMé

[ A (a,MW,M m.,m;) }..2 = ( - ) . ( 3-11 )
1 Z'E T SMW 2 2.2 2 2
A 2(MZ—MW) MZ MW

By combining this equation with Eg. (3-3), the m% dependent part of

the MW—MZ relation reads
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Mél)
2 2 2
MWM 4m_m; m,
o] Z 2 2 Ii i
= [ M, + 55+ C {mS + m? + n(—) } —m(0),
321 “color,, 2 .2 2 2 I i 2 2 m =
(My-M7) (2M-M7) mi-m{ "I MMy
( 3-12 )*3
for a doublet ( ¢1' wi;)L whose masses are my and m, . ( Ccolor is

the color factor (=3 for quarks and =1 for leptons).) Furthermore

2
o MWMZ 2 4

| > UMy * 557 Coolor T2 3 72 B Iy =m{®) (3-13)
(M5-M2) (2M7-M7) MMy

323

. 5> . .
in the case mI(or mi) mi(or mI) and MW,Z ( me max[mI,ml] )
Before showing numerical results, let us examine large mg, effect.
Due to the same reason as the case of heavy fermions, SM; 7 include
F 4

also m2 dependent terms, which are as follows in the limit of m¢>>

¢
",z

4
oM
2 z 2
[ éM_ 1.2 > - m
Z "'m 2 2 2 o) '
¢ BZHMW(M —MW)
, - ( 3-14 )
2 oM, 2
[ 6Mw 1.2 > - m .
M 3am (ua-m2) ¢

2
¢

There appear another seemingly non-negligible terms in the u

As is easily seen, the m? terms cancel out in Al'

decay-width. They are in the contributions of the Nambu-Goldstone

boson, ¥, exchange,#s which are usually neglected because of the
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. 2 o .
suppression factor %memu/Mw'Z. For example, the XX? vertex is pro-
portional tovm£, so the diagram with the X¢-loop-corrected x propa-

gator seems to produce a mg dependeht term! However, we can again

24)

confirm by some explicit calculations that all such terms com-

pletely cancel out, and there remains, at best, &n m¢ dependence in
the:final_:esult.zs)
Therefore, we conclude that the effect of the Higgs~scalar in

the M -M, relation is small even if my is very large, and the domi-

nant contribution of heavy partieles comes from the m% terms. We

show the Mvgl)—-mf curve24) for the case me=m,>>m_ in Fig.3.1. We see
M, (GeV)
- 82r Input : M, =91.6 GeV |
( Assumed value) =
81
L
=
80 -
100
Fig.3.1l.
The Mél)-mt curve for an assumed value MZ=91'6 GeV.

( This value satisfies Mw=81(GeV)=Mé1{MZ=91.6 and m =150].)
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that the m, dependence of the result is in fact weak, and that pre-

¢

cise determinations of Mw 7 give us a valuable information on m .
7
We can, of course, make a similar analysis for the fourth generation
26)

fermions if m, = 30-50 GeV as the preliminary data show,

t
Finally I wish to comment on the usual separate predictions for

Mw and Mz like Eg.(2-9) in relation with heavy fermion search. As

an example, I take the frequently referred onész7):

mit'=g3.0 * -0 Gev
Mél)= 03 g i g:z cev . ( for mt=18 Gev ) ( 3-15 )
If we get experimental data, e.qg.,
M P= 84.0 Gev , M?‘Pé 92.8 GeV ,

how do you think? At first sight, the agreement of Mél; and exg
[ 4

seems quite good. Actually, however, the difference ngP-M§XP=

8.8 GeV is too small to be consistently fitted by the theory if m,
=18 GeV. As a matter of fact, we need mt:325 GeV in order to make
realize the relation M%Xp(=84.0)=Mél{M§xP=92.8] in the framework of

three generations and m,=10 GeV. ( The value of m, becomes much

.
.)

larger for larger m

¢
The reason why such a confusion occurs is apparent: The ambi-

guities in Eq. (3-15) come from only one origin, i.e., AsinZGEXP,

and are correlated with each other, so we are not allowed to consider

a situation Mw=83.0+l.0 and MZ=93.8—1.0. Such a trivial point is,
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27) Nevertheless. I would like to

of course, known by the authors.
stress that the presentation like Eq. (3-15) is quite misleading
especially for non-experts, and the use of the MW-MZ relation is

effective for avoiding such a trouble.

§4. Supersymmetry?

The electroweak theory has been so far very successful, which
everyone recognizes. From the theoretical point of view, however,
this theory includes several unsatisfactory points. In particular,
the elementary scalar fields ( a help of which we need in order to
realize the desifable spontanééus symmetry breaking ) cause the so-
called "gauge hierarchy" problem when one proceeds to grand unifi-

28)

cation. As is well-known, one possible way to avoid this is to

make the theory supérsymmetric.7)

In addition, several "anomalous" events have recently been

8)

observed in the CERN pp collider, a consistent explanation of
which may be difficult within the present theory. Although we should
wait for more accurate information before drawing some definite con-

clusions on them, they seem to allow an interpretation in terms of

supersymmetric ( sUSY ) theories.Z2>)

Therefore it is significant to study SUSY effects in the MW-MZ

30) I restrict here the discussion to the minimal super-

relation.
symmetric extension of the electroweak theory with soft SUSY breaking
terms. Furthermore, I only consider the case in which scalar-quark

(§) masses ( strictly speaking, the mass difference between scalar-
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guarks in a same SU(2) doublet ) are Qery large. This is because:

1) We can expect sizable effects by an analogy with the case of the

ordinary quarks if g is heavy,

ii) Otherwise, no large effects are expected and we cannot get any

phenomenoclogically interesting results since the remaining small

one-loop effects will depend on various undetermined parameters.
According tokthe preceding analyses, it is sufficient to examine

L’ ﬁR’ aL and

aR ( the superpartners of uy . uR,‘dL and dR }. In contrast to the

preceding cases, a little complication occurs due to the ﬁL-éR mixings

the -effects in 6M§ z- I consider the effects of U
. ,

(g=u,d) which are induced by the soft breaking terms. I use a nota-
tion where eq and ﬁq denote the QL—QR mixing angle and the eigen-

i
value of QL—QR mass matrix ( i=1,2 ).

By picking up mé dependent terms, the result in the limit ﬁq>>

Mw 7 isg)
’

3 2 2
(1) Mw ‘SMZ ‘SMW
2 (2M2-M2) My mS Mg M
where
5M§ anzq
(2~ 2 sl
M, My @
3aM§
16mM2 ( Mo-mMZ )
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4, .2 .4, .2 4, .2 . 4, ~2
x { cos eumul~+ sin eumu2 + cos edmdl + sin edmdz

2 2 ~ ~ 2 . 2 ~ ~
+ cos eucos 9 L(mul,mdl) + cos eu51n 0 L(mu ,md‘)

d 1l 2

d

. 2. 2 - " L2 .2
+ sin eu¢os edL(mu (g } + sin 8u51n C]

Ll ,m, )
2 1 u d

d 2 9"

o 2. .. 2 - ~ 2 L, 2 i ~ :
cos”e sin euL(@ul,mu2} cos 6d31n edL(mdl,mdz) } . ( 4-1 b))

"

A au2.2
( L(x,y) Ax vy gn L)
2 .2 X
This formula becomes a much simpler form in the limit eq + 0 :

2 42 @2 7

fh
3aM u, d d

> ool B2+ Hia * et ()}, ( 4-2)
leMW(MZ-MW) 1 1 ,mul_mdl uy

which is exactly the same as the ordinary heavy quark contribution.
Therefore, we may be able to obtain some useful information on ﬁq
from accurate values M;?E, but it will be less definite.

In addition to these studies, much efforts should also be paid,
at present, to confirmrwhether the observed anomalous events really
indicate the supersymmetry or not, and to make phenomenological analy-

ses on them if it is true. Does the Nature demand a new physics?

§5. Conclusion
In this talk, I have shown how valuable information we can get

from precise measurements of the weak boson masses for testing the
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electroweak theory.
If the top-quark mass lies, in fact, between 30 and 50 GeV as
the preliminary Ual report says, we are able to predict the value

of My very accurately as a function of M, ( except for quite small

zZ

and m, ), and consequently it will serve as
u,d,s ¢

a clean test of the electroweak higher order effects.

ambiguities from m

Conversely if the existing or the near-future accelerators fail
to obsexrve the top-quark, the MW—MZ relation Vill be useful for pre-
dicting its mass.

A similar analysis is also possible even though the present theory
is obliged to be extended to a supersymmetric version { although
some ambiguities are inevitable ). Moréover, even if we are forced
to consider a scheme in which the Weak bosons afe composite particles,
the measurements of MW,Z are importqnt and will give us strong con-
ditions on a model building. |

Anyway we hépe that a clean test becomes possible for the electro-
weak theory, which is undoubtedly one of the most successful theories

in the history of the particle physics.

I would like to thank K-I. Aoki for stimulating discussions and
especially for pointing out some incorrect expressions in a preliminary
manuscript. I appreciate T. Muta and H. Aoyama for reading of the
manuscript, and Toshihiko Hattori for useful conversation and encohr-
agement. v
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Footnotes
Needless to say, we could not use the values MW xp before thelr
dlscovery.
In the one-loop-corrected ANC, BNC and a®C, the purely electro-

reason. In the case of the muon decay, for instance, the follow-

ing equation is used

2.5

G.m Sm2
rexP:"——P;—% (1 - — ) 1+2—$(2—Z—'ﬂ2 )},
192n« N

when expressing the data in terms of Gp- That is, the O(a) purely
E.M. effects ( including the effect of the real photon emission )

have already been taken into account at this step.

#3

#4

#5

#6

exp

Strictly speaking, the constralnt by G should be expressed as

partly because the contribution of the Nambu-Goldstone boson ex-
change cannot be written in the form like Eqg. (2-7b), but the re-
sultant difference is negligible.

As a matter of fact, the values used in Tables 3.1 and 3.2,

m —md~m =0.1 GeV, have been derived by this methodls)

The mr o dependence of this equation is same as that of the p-
I

parameter. It is not accidental since 6M§ 7 contribution to p is
. ’

_ 2,02 _ o2 02
p =1+ ( 8My/My ~ SMo/Mo ) .

In this case, we must use r=r°*P, ({ See footnote #3. )
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