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ABSTRACT

The status of several precisely measured electroweak parameters is re-
viewed. Natural relations among them are shown to constrain the Higgs
mass,my, as well as various “New Physics” effects. Indications of an
anomalousZbb coupling are discussed. Constraints on excifédbosons

are given.
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1 Fundamental Parameters and Natural Relations

The SU(2), x U(1)y electroweak sector of the standard model contains 17 or more fun-
damental parameters. They include gauge and Higgs field couplings as well as fermion
masses and mixing angles. In terms of those parameters, predictions can be made with
high accuracy for essentially any electroweak observable. Very precise measurements
of those quantities can then be used to test the standard model, even at the quantum
loop level, or search for small deviations from expectations which would indicate “New
Physics”.

Some fundamental electroweak parameters have been determined with extraordi-
nary precision. Foremost in that category is the fine structure constalbhican best
be obtained by comparing the measuradomalous magnetic moment of the electron,

Ae = (96_2)/2

a® = 1159652188(3) x 1012 (1)

with the calculated 4 loop QED predictibn
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where thel .66 x 10~'2 comes from small hadronic and weak loop effects. Assuming
no significant “new physics” contributions t&", it can be equated with (1) to give

o~ = 137.03599959(40) ©)

That precision is already quite extraordinary. Further improvement by a factor of 10
appears to be technically feasible and should certainly be undertaken. However, at this
time such improvement would not further our ability to test QED. QED tests require
comparable measurementscoin other processes. Agreement between two distinct
determinations tests QED and probes for “new physics” effects. Aftdhe next best
(direct) measurement of comes from the quantum Hall effect

a~!(qgH) = 137.03600370(270) (4)

which is not nearly as precise. Nevertheless, the agreement of (3) and (4) (at the 1.50
level) is a major triumph for QED up to the 4 loop quantum level.



In terms of probing “new physics”, one can search for a shift.iby m? /A? where
A, is the approximate scale of some generic new short-distance effect. Current com-
parison ofa. — « anda(¢H) exploresA, < 100 GeV. To probe the much more
interesting\, ~ O (TeV) region would require an order of magnitude improvement in
a, and about two orders of magnitude error reduction in some direct precision determi-
nation ofa such as the quantum Hall effect. Perhaps the most likely possibility is to
use the already very precisely measured Rydberg constant in conjunction with a much
improvedm, determination to obtain an independent

The usual fine structure constant,is defined at zero momentum transfer as is ap-
propriate for low energy atomic physics phenomena. However, that definition is not
well suited for short-distance electroweak effects. Vacuum polarization loops screen
charges such that the effective (running) electric charge increases at short-distances.
One can incorporate those quantum loop contributions into a short-distapes;)
defined aty?> = m?%. The main effect comes from lepton loops, which can be very
precisely calculated, and somewhat smaller hadronic loops. The latter are not as theo-
retically clean and must be obtained by combining perturbative calculations with results
of a dispersion relation which employ¥(e*e~ — hadrons) data. A recent study by
Davier and Hvcker find$

a H(my) = 128.933(21) (5)

where the uncertainty stems from low energy hadronic loops. Although not nearly
as precise as !, the uncertainty quoted in (5) is impressively small and a tribute
to the effort that has gone into reducing it. (When | first studied this issue in 1979,
| estimated o !(my) ~ 128.5 + 1.0.) However, the error in (5) is still somewhat
controversial, primarily because of its reliance on perturbative QCD down to very low
energies. For comparison, an earlier study by Eidelman and Jegerfelihiet) relied

less on perturbative QCD and more ©n:=~ data found

a t(my) =128.896(90)  (E & J 1995) (6)

That estimated uncertainty is often cited as more conservative and therefore employed
in my and “new physics” constraints. As we shall see, the smaller uncertainty in (5)
has very important consequences for predicting the Higgs mass. | note that a more
recent studyby Eidelman and Jegerlehner finds



a~(my) = 128.913(35) (E & J 1998) (7)

which is in good accord with (5) and also exhibits relatively small uncertainty. In my
subsequent discussion, | employ the result in (5), but caution the reader that a more
conservative approach would expand the uncertainty, perhaps even by as much as a
factor of 4 or 5.

A related short-distance coupling(m)37s, can be defined by modified minimal
subtraction at scalg = m. It is particularly useful for studies of coupling unification
in grand unified theories (GUTS) where a uniform comparitive definitiaht) of all
couplings is called fot.The quantities(m ) anda(m )37z differ by a constant, such
that

o (mz)5m = o (mz) — 0.982 = 127.951(21) (8)

In weak interaction physics, the most precisely determined parameter is the Fermi
constant(s,, as obtained from the muon lifetime. One extracts that quantity by com-
paring the experimental value

7, = 2.197035(40) x 10 55 ©)

with the theoretical prediction
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In that expression R.C. stands for Radiative Corrections. Those terms are somewhat
arbitrary in the standard model. The point being thatis a renormalized parameter
which is used to absorb most loop corrections to muon decay. Those corrections not
absorbed intd, are explicitly factored out in R.C. For historical reasons and in the
spirit of effective field theory approaches, R.C. has been chosen to be QED corrections
to the old V-A four fermion description of muon dec&yThat definition is practical,

since the QED corrections to muon decay in the old V-A theory are finite to all orders
in perturbation theory. In that way, one finds
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The leadingD(«) terms in that expression have been known for a long time from the
pioneering work of Kinoshita and Sirlih and Berman? Coefficients of the higher
order logs can be obtained from the renormalization group consfraint
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The -3.7 two loop constant in parenthesis was very recently computed by van Ritbergen
and Stuart! It almost exactly cancels the leading log two loop correction obtained
from the renormalization group approach (or mass singularities argument) of Roos and
Sirlin.!? Hence, the originaD(«) correction in (9) is a much better approximation than

(12)

one might have guessed. Comparing (9) and (10), one finds

G, = 1.16637(1) x 10 ° GeV ™ (13)

There have been several experimental proposals to reduce the uncertajnaya
G, by a factor of 10. Such improvement appears technically feasible and, given the
fundamental nature af7,, should certainly be undertaken. However, from the point
of view of testing the standard model, the situation is similarto G, is already
much better known than the other parameters it can be compared with; so, significant
improvement must be made in other quantities before a more pr@gise required.
This point should become clearer subsequently when | describe other indirect Fermi
constant determinations and their uncertainty (about 100 times worse than (13)).

Let me emphasize the fact that lots of interesting loop effects have been absorbed
into the renormalization o3, /4v/2mY which we callG,,. Included are top quakk
and Higgs loop correctiof to the 1 boson propagator as well as potential “new
physics” from SUSY loops, Technicolor etc. Even tree level effects of possible more
massive gauge bosons suchl&s”™ bosons are effectively incorporated inf,. To
uncover those contributions requires compariso&ptwith other precisely measured
electroweak parameters which have different quantum loop (or tree level) dependences.
Of course, those quantities must be relateds{pin such a way that short-distance
divergences cancel in the comparison.

Fortunately, due to an underlying global SU{Zymmetry in the standard model,
there exist natural relations among various bare parameters



2
sin? 0, = 6—20 =1— (md/m%)? (14)
20

Each of those bare unrenormalized expressions contains short-distance infinities, but
the divergences are the same. Therefore, those relations continue to hold for renormal-
ized quantities, up to finite, calculable radiative correctionghe residual radiative
corrections contain very interesting effects suchnagandm; dependence as well as
possible “new physics”. So, for example, one can relate

yiye’
 V2mi (1 - miy/m3)
and test the predicted radiative correctionspif andmy, are also precisely known.
Gauge boson masses are not as well determinég, asut they have reached high
levels of precision. In particular, th8 mass has been measured with high statistics
Breit-Wigner fits to theZ resonance at LEP with the result

G, (1 + rad. corr.) (15)

myz = 91.1867(21) GeV (16)

That determination is so good that one must be very precise regarding the definition of
mz. (Remember th& has a relatively large widtk 2.5 GeV.) The quantity in (16) is
related to the real part of the propagator poley:; (pole), and full width [, by'®

m? = m%(pole) +T'% (17)

The two mass definitions:; andm (pole) differ by about 34 MeV, which is much
larger than the uncertainty in (16). Hence, one must specify which definition is being
employed in precision studies. | note, that the in (16) is also more appropriate for
use in low energy neutral current amplitudes.

In the case of thé&/’* bosons, the renormalized mass;,, is similarly defined by

miy = miy (pole) + T, (18)

That quantity is obtained from studiesgt colliders,my, = 80.41(9) GeV, as well as
ete” — WHTW~ at LEPIl,my = 80.37(9) GeV. Together they give

my = 80.39(6) GeV . (19)

The current level of uncertainty;60 MeV, is large compared tdm . It is expected
that continuing efforts at LEPIl and Run Il at Fermilab’s Tevatron should reduce that



error to about+-30 MeV. A challenging but worthwhile goal for future high energy
facilities would be to push\my, to £10 MeV or better. At that level, all sorts of
interesting “new physics” effects are probed (as | later illustrate). | note thahihe
defined in (19) is also the appropriate quantity for low energy amplitudes such as muon
decay.

Another important quantity for precision standard model tests;ighe top quark
mass. Measurements from CDF and & Fermilab give

my(pole) = 174.3 £ 5.1 GeV (20)

Reducing that uncertainty further is important as we shall subsequently see. Future
Tevatron efforts are expected to reduce the uncertainty;ito about+2 GeV. LHC
and NLC studies should bring it well belowl GeV.

In addition to masses, the renormalized weak mixing angle plays a central role in
tests of the standard model. That parameter can be defined in a variety of ways, each of
which has its own advocates. | list three popular examples

sin? Oy (mz )35 (MS definition at p = my) (a)
sin? 04Tt (Z pji vertex) (b) (21)
sinfy = 1 —mi,/m% (c)

They differ by finiteO(«) loop corrections. Thé/S definition is particularly sim-

ple, being defined as the ratio of twd S couplingssin® Oy (mz)55 = €*(mz)3r5/
g5(mz)3rs- Itwas introduced for GUT studiédyut is useful for most electroweak anal-
yses. The effectivesin?® 6, weak angle was invented féf pole analyses. Roughly
speaking, it is defined by the ratio of vector and axial-vector components (including
loops) for the on-mass-sheflu i vertex— 1—4sin? 65T, Although conceptually rather
simple, analytic electroweak radiative corrections expressed in termia’af are
complicated and ugly. Numerically, it is close to theS definition'

sin? 0S5 = sin? Oy (m )77 + 0.00028 (22)

but the analytic structure of the difference is quite complicated. For those intent on
employingsin? 6¢, a strategy might be to calculate radiative corrections in terms of
sin? Oy (mz)775 and then translate tan? 65 via (22). But why not simply usein?® 0y

(mz)ars7?



Currently,Z pole studies at LEP and SLAC give

sin® Oy (my)7s = 0.23100 £ 0.00022
sin? 05T = 0.23128 4 0.00022 (23)

That result includes measurements of the left-right asymmatry, at SLAC as well

as the various lepton asymmetries at LEP and SLAC. Apg contribution had for
some time given a relatively low value for the weak mixing angle, but as statistics have
increased it has moved pretty much in line with (23). Currently,Zhes bb forward-
backward asymmetries at LEP give a higkier 657 and would bring up the average,

if included. However, theZbb coupling appears to be somewhat anomalous; so, one
should be cautious when including such results. | return to this problem later.

Future higher statistics running at SLAC could reduce the uncertaingiy
below +0.0002, mainly from improvements inl; ;. There are very good reasons to
do even better. One could imagine redoiAgy at a future polarized lepton-lepton
(ete or ut ) collider, but with very high statistics. In principle, one might reduce
the uncertainty inin? 6% to 40.00004 or lower, an incredible achievement if possible.

The so-called on-shell or mass definitibin (21c) also has its advocates. It can
be directly obtained fronmy; andm; determinations. Indeed, at hadron colliders, the
ratio my,/m can have reduced systematic uncertainties. One could imagine that the
current uncertainty in

sin? Oy = 1 — my, /m7 = 0.2228 4 0.0012 (24)

might be reduced by a factor of about 4 at the LHC. Such a reduction is extremely
interesting since the comparisonsif? 6y, andsin? 0w (mz)375 provides a clean probe

of “new physics”. Itis also possible (because of a subtle cancellation of certain loop ef-
fectg!) to measurein® 6y in deep-inelastiz,, N scattering. Indeed, a recent Fermilab
experiment fountf

sin? Oy = 0.2253 + 0.0019 4 0.0010 (25)

where the first error is statistical and the second systematic. That single measurement
is quite competitive with (24) and complements it nicely. One might imagine a future
high statistics effort significantly reducing the error in (25), but that would require a
new high energy neutrino beam.



All of the above precision measurements can be collectively used to test the stan-
dard model, predict the Higgs mass, and search for “new physics” effects. That ability
stems from the natural relations in (14) and calculatibfisof the radiative corrections
to them. Parametrizing those radiative correctionsoy Ar(my )55, andAr, one
finds*

T = (1) - an (@

u My 4

T = S (ma)rs(l = Ar(m)yzs) (5) (26)
uMy

% — in? 20y (my) e (1 — AF) ()

Those expressions contain all one loop corrections,tmuon decaymny,, m; and

sin? Oy (mz)575 and incorporate some leading two loop contributions. The quantities
Ar andAr are particularly interesting because of their dependence,andmy. In
addition, all three quantities provide probes of “new physics”.

Numerically, all three radiative corrections in (26) contain a significant contribution
from vacuum polarization effectsn «, about+7%. They are basically the same as
the corrections that enter into the evolutiornato «(m ). Leptonic loops contribute a
significant part of that effect and can be very accurately computed. Hadronic loops are
less clean theoretically and lead to a common uncertaintyrinAr (m ) g, and A7
of

—aAa (my) (27)

For Aa='(my) = 0.021 as in (5), that amounts to a rather negligitie.00015 error.
However, forAa~t(mz) = +0.090 as in (6), it increases te-0.00066. That large

an uncertainty would impact precision tests. If one wishes to avoid that low energy
hadronic loop uncertainty, dependencenocan be circumvented by considering

SiIl2 gw(mz)m = ( — —2> (1 — Ar + Ar(mz)m) (28)

mz
Currently, that comparison is not competitive in constrainimg. However, future
significant improvements imy;- could make it very interesting.
Usingm; = 174.3 + 5.1 GeV as input, one can compute the radiative corrections
in (26) as functions ofny. Those results are illustrated in table 1. Note thatis



most sensitive to changesin; but also carries the largest uncertainty frdom, =
+5.1 GeV (+0.0020). Hence, efforts to determine from my, will require a better
measurement of2,. On the other hand, determiningy from sin? Ow (mz)35 Via
Afr is less sensitive tdhm; but more sensitive td.a~' (mz). Those dependences are
illustrated by the following approximate relatich®btained from (26a) and (26¢)

my = (80.385 = 0.032 = 0.003 GeV) (1 — 0.00072¢n < i )

100 GeV
—1 x 10~ 4n? < i >> 2
x 107" 150 Gev (29)
. my
sin? Oy ()77 = (0.23112 £ 0.00016 = 0.00006) (1 +0.002260n (m»(%)

where the errors correspondfon, = +5.1 GeV andAa~'(mz) = +0.021 respec-
tively. Note that increasing.a ! (m) to +0.090 would significantly compromise the
utility of sin? Oy (m )57z for determiningmy but have less of an impact ony,. Pre-
dictions formy, andsin? Ow (mz)7s are illustrated in table 2 for various ; values?®

Table 1: Values ofAr, Ar(myz)3s, @and A7 for variousmy. A top quark mass of
174.3+ 5.1 GeV anda!(mz) = 128.933(21) are assumed.
my (GeV) Ar Ar(mz)3rs A7
40.0020 + 0.0002 40.0001 + 0.0002 40.0005 + 0.0002

75 0.03402 0.06914 0.05897
100 0.03497 0.06937 0.05940
125 0.03575 0.06955 0.05974
150 0.03646 0.06964 0.06000
200 0.03759 0.06980 0.06042
400 0.04065 0.07005 0.06144

Employingmy = 80.39 + 0.06 GeV andsin? Oy (mz )55 = 0.23100 £ 0.00022,
one finds

my = 927515 Gev (from myy) (31)

mp = TR GV (from sin’ O (mz)yrs) 42



Table 2: Predictions fomy, andsin® 6y, (m )57 for variousmy values.
my (GeV) my (GeV) sin® Oy (mz)5s

75 80.401 0.23097
100 80.385 0.23112
125 80.372 0.23124
150 80.360 0.23133
200 80.341 0.23148
400 80.289 0.23184

where the second and third errors correspondtg = +5.1 GeV andAa~!(myz) =
+0.021. Several features of those predictions are revealing. The first isitfa;
(mz)375 currently gives a very good (best) determinatiomaf. Note, however, the
uncertainties scale as the central value; so, the relatively small value, 79 GeV, helps
reduce the uncertainties. Also, a largke=!(myz) = 40.090 would significantly
increase the overall uncertairtfyln the case ofny,, one needs a better measurement
of that parameter along with improvementin, if it is to pinpointm.

Taken together, (31) and (32) are very suggestive of a relatively light Higgs scalar
not far from the current LEPII bound from non observatiomrod~ — ZH

mpg > 89.8 GeV (Vs = 183 GeV data) (33)

Preliminary studies o{/s = 189 GeV e'e™ data indicate that bound will soon rise to
~ 95 GeV. Future upgrades tgs ~ 200 GeV will push the Higgs discovery potential
to ~ 105 GeV. In addition, searching for the Higgs via associdtétdH andZ H at the
Fermilabpp collider during Run Il promises discovery uptoy ~ 115 GeV, perhaps
even higher. Higgs discovery may soon be at hand.

2 The Zbb Problem

Currently, the only real anomaly i# pole measurements seems to invobbefinal
states. The LERb forward-backward asymmetry and SLAB left-right forward-
backward asymmetry are consistent witbvadeviation for4, from the standard model



expectation

AP JAOY = 0,96 & 0.02
2 b) — 2 b
g91.(0) + g7 (b)
whereg;, (b) andgr(b) are theZ couplings to left and right-handédjuarks, normalized
to have standard model values (at tree level)

1 1
gr(b) = —=+ -sin®fy ~ —0.423
23
1
gr(b) = gsin29W:+0.077 (35)

At the same time, the quantity, = I'(Z — bb)/T'(Z — hadrons) exhibits very good
accord with standard model expectations

RYP /RO = 1.004 + 0.004 (36)

and thereby leads to the constraint

g2 (b) + g% (b) = 0.1858 = 0.0010 (37)

Solving (34) and (37) together gives

b) = 0.1746 = 0.0020
b) = 0.0112+0.0018 (38)

In terms of deviations from the standard model, (b)) anddgr(b), one finds (ignoring
the negative (b)) and positivey;, (b) solutions)

Sgr(b) = 0.005 % 0.002
5gr(b) = 0.0287 = 0.0088 (39)

Thedg.,(b) deviation on its own amounts to only a - 1% shift and could probably be
interpreted as a “new physics” quantum loop correction; however, such ajlas¢e
shift of 40% is very difficult to explain. For that reason, most theorists have dismissed



the above3o deviation as experimental in origin, i.e. stemming from a statistical or
systematic effect, rather than an indication of “new physics”. Nevertheless, it is amus-
ing to contemplate other potential consequences of nondzgld) anddgr(b) of the
magnitude in (39). First, | note that deviations of similar magnitude cannot occur in
dg1,(d) anddgr(d); otherwise they would have been observed in atomic parity viola-
tion andy, N experiments. Furthermore, it is unlikely that they are presenyifs)

anddgy (s). If that were the case, one would expect (but could avoid) induced d
flavor-changing weak neutral currents which could significantly enh&nces " p—,

K* — ntvi etc; and that seems not to be the case. If one concludes that the anomaly
occurs only inZbb, it is still likely that related new flavor changirig— s, b — d, and

s — d weak neutral currents would occur. The predicted magnitude of those effects
depends on the degree and nature of quark mixing; however, generically interesting ob-
servable consequences almost certainly result. It will be interesting to see if anomalies
in Z — bb asymmetries persist as the data is further scrutinized and whether FCNC
b (and K) decays will be in accord with Standard Model expectations or also exhibit
anomalies.

3 Muon Decay and theS, T', U Parameters

As previously discussed, muon decay provides a very precise determinatign-ef
1.16637(1) x 10~°> GeV~2 which contains within it potential “new physics” effects. For
example, heavy chiral fermions present in 4th generation models or technicolor theories
would contribute to gauge boson self energies. Those loop effects would show up in
the Ar, Ar(my)375 and A7 of (26) as additional contributions. One way to unveil or
constrain such effects is to define Fermi constants in terms<fi Oy (m 2 ) 375, mw,
andm via (26)

G%) . e’
Vamd, (1= mé, /m%)(1 = Ar) (e)
2 _ T
G = V2m3y sin? Oy (mz)375(1 — Ar(my) ) (b) (40)
G%?:) - 4o @

V2m% sin? 20y, (my)7r5(1 — AF)

Comparison of those quantities with, tests the standard model and probes for pos-
sible “new physics” in ther, Ar(my)3z5, andAr. If there is no “new physics” one



should findG, = G\ = ¢ = ¢\,
To examine the situation, we takey = 125 GeV as our central value and allow
for the rangers < my < 200 GeV. Then from the values in table 1 and the measured

myy, mz, sin® Oy (mz )35 anda, one finds

GY = 1.1676(55) x 10 ° GeV 2 (a)
G¥ = 1.1671(21) x 10 ° GeV 2 (b)  (41)
GY = 1.1672(14) x 107° GeV > ()

where the uncertainties reflect errorsip my, A~'a(my), my, andsin? Ow (mz)3rs-

The excellent agreement between those quantitiesigand 1.16637(1) x 107> GeV 2
obtained from muon decay is quite remarkable. It shows no indication of “new phys-
ics”. Note also that the uncertainty in even the most preéig'é is more than 100
times the current error id7,. Hence, improving~, further would not sharpen such
tests, improvingin? Oy (mz), my, m, and measuring; would.

As an example of the utility of (41), consider the deviations expected from heavy
chiral fermion doublets. The appendage of such particles to the standard model mod-
ifies gauge boson self-energies. Those effects shift the radiative corrections in (26).
Such shifts are conveniently parametrized by$h&', andU parameters of Peskin and

Takeuchi®??

SAT = 0.0166S — 0.0258T — 0.0195U (a)
SAr(mz)gs = 0.0084(S + U) (b) (42)
SAF = 0.0115 — 0.007827T

—
o
~

Hence, ifS, T'andU # 0, one expects the relationships

G, = GYW(1+0.0166S — 0.0258T — 0.01950) (a)
G, = GP(1+0.0084(S +U)) (b) (43)
G, = G¥(140.0118 — 0.007827) (¢)

In technicolor models, one has the generic prediétich~ O(+1) which would lead
to about a 1% difference between thg and G%). However, (41) exhibits no such
effect. In fact it constrains that quantity@(0.1%). A global fit to all electroweak data
(for my ~ 100 GeV) gives®



S = —0.17%17 (a)
T = —0.16%01 (b)  (44)
U = 0.19+0.21 (c)

Those constraints are consistent with (43) and (41). If one assumes O(1 TeV) as

would be more appropriate for technicolor, one fittds- —0.29 + 0.14 which is even

more incompatible witlts ~ O(+1). Therefore, if dynamical electroweak symmetry
breaking is to be consistent with precision measurements, the dynamics must be very
novel to rendesS ~ 0.

4 Extra Dimensions andiV*" Bosons

Another interesting “new physics” scenario involves excitéd” bosons which may
arise in theories with extra compact dimensivrikaluza-Klein excitations) or models
with composite gauge bosons. Assuming fermionic couplinge/td indentical to
those ofill’*, g5 = ¢, direct searches at the Tevatron lead to the béund

my. > 720 GeV  (95% CL) (45)

If such bosons exist, they would also contribute to low energy charged current pro-
cesses such as muon decay and be incorporatedzintdhey would replaces/m3,
in the decay amplitude by2 /(m3,) where

(95%/92)°

1 1 * 2
_ + (95/92) /
mW**

(miy) — miy  mj.
As long as the signs are positive, the effective low energy rfags) is always smaller
thanmy,, since the reciprocal sum acts like resistors in parallel. Thereford]*if
bosons exist(r,, should be larger than th@%) in (41). However, there is no such

indication. Quantitatively, one expects

) %\ 2 2
G, =G (1 +C <&> T ) (47)

g2 mW*

+ o (46)

where



o\ 2 2
C:1+(92> Twe 4o (48)

g5 ) miy.

In the simplest extra dimension theory, one might typically exgéct i% 1/n? =
n=1

72/6. More realistic scenarios can lead to even larlgeHere, | am interested only in
lower bounds omnyy-; so,C will not enter as long ag’ > 1.
Comparing (47) and (41b) gives (fory < 200 GeV)

My« > 1.67 (%) TeV  (95% CL) (49)
2

which is very constraining. It suggests that the radius of the extra dimenBians
1/mw- < 1 x 107'(go/g3) cm. and that continuing searches ot bosons at the
Tevatron are likely to yield null results. Of course, the bound can be significantly
relaxed ifg; << g.

One can improve the bound in (49) by employ'ﬂﬁg) rather tharGg) in compari-
son withG,. One finds

My« > 2.27 (%) TeV  (95% CL) (50)
2

However, that bound is subject to a larger dependenceom ;, and “new physics”
effects. Further improvementsiim? 0y, (m )57z andmy could push then,y - sensi-
tivity to O(5 TeV) which is competitive with LHC capabilities.

5 Conclusion

Precision electroweak measurements have tested the standard model(at théevel.
As a byproduct, they have been used to predict the large top quark mass and now
suggest a relatively light Higds

my < 255GeV  (95% CL) (51)

with values around 100 GeV favored. Discovery of the Higgs scalar may be close.

The good agreement between theory and experiment severely constrains the possi-
ble “new physics” one can append to the standard model. For examplepérameter
must be near zero. That finding leaves little room for additional chiral fermion doublets



such as a fourth generation of fermions and requires dynamical symmetry breaking sce-
narios to exhibit novel dynamics which respects that constraint (a difficult task). Other
types of “new physics” such as relatively large extra dimensions, SUSYpsons etc.

are also being constrained by such measurements. So far, there are no signs of “new
physics”. Nevertheless, we must continue to probe shorter distances and search for new
phenomena. Surprises are certainly waiting to be unveiled.
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