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We establish the most general parametrization of the new physics tested by present precision
measurements and possibly responsible for any deviation of the Z —+ bb amplitude from its standard
model result, under the assumption that it is CP symmetric and is induced by degrees of freedom
which are too heavy to be directly produced at the future colliders. This is achieved by writing
the complete list of the SU(3), x SU(2) x U(l) gauge invariant and CP symmetric dim=6 operators,
involving only quarks of the third family and/or bosons. The quark-containing operators are divided
into two classes, according to whether or not they involve the tR 6eld. Each class contains 14 quark
operators. We then proceed to derive the constraints from present precision measurements, on the
first class of the 14 tR involving operators. We show that the Zbb vertex plays a fundamental
role to discriminate not only between these operators, but also between this whole scheme and an
alternative one such as, e.g. , a MSSM description with a light chargino and neutral Higgs boson.

PACS number(s): 12.60.—i, 13.38.Dg, 14.65.Ha, 14.70.Hp

I. INTRODUCTION

A complete and rigorous investigation of the status of
the standard model (SM) requires a critical analysis of
its various sectors. As of today, this has been possible
only for the fermionic sector, thanks to the impressive ex-
periments that have been performed at the CERN e+e
collider LEP 1, at the SLAC Linear Collider (SLC), and
at lower energies [1—3]. On the contrary the status of the
bosonic sector (gauge and scalar boson interactions) is
not yet empirically established to a convincing precision.
Although a number of indirect tests concerning, e.g. , the
triple gauge couplings already indicate that, there also,
the deviation from SM cannot be dramatic [4—6], it is
generally felt that more accurate tests at higher energy
colliders are required in order to be able to state that we
have really tested the theory.

As far as the fermionic sector is concerned, it is cer-
tainly true that the agreement with the SM predictions
is amazingly good (up to a few per mille) in the light
fermionic part. The situation is slightly less triumphant
in the heavy quark sector, where, as it has been exhaus-
tively discussed in previous papers [2], the experimental
value of I's (the Z width into bb) shows a small discrep-
ancy &om the SM prediction, which increases with the
top quark mass mz and reaches the 2o. level for mq values
in the region of 175 GeV [7]. In addition to this, the top
quark interactions themselves are also to a large extent
empirically unknown.

With the SM, the most important difference between
the Zbb vertex involved in the possibly "rebel" Z + bb

width, and the light Zf f vertices, arises at the one-loop
level and has the form of a contribution proportional
to m&. Such a contribution appears in the Zbb vertex
only and originates, in a Rg gauge, from the Yukawa
coupling of a charged would-be Goldstone boson with a
(tb) pair. Since the corresponding contribution to light
fermion vertices is negligible, one suspects that a kind of
link should somehow exist between the heaviness of (one
of) the quarks of the third family and the possibility that
the SM predictions for this family are "slightly" inade-
quate. A similar inadequacy may apply to the bosonic
sector as well.

In this spirit, we subscribe to the feeling that the fact
that the t quark and the (W, Z) pair are much heavier
than the leptons or the other quarks is not causal, but
rather deeply related to the scalar sector of the theory,
on whose origin it might perhaps open one day an il-
luminating window. Thus, a kind of new physics (NP)
may exist, originating &om the scalar sector, which could
induce new interesting phenomena in the gauge boson,
Higgs and top interactions, and which may have already
been "seen, " in the peculiarities of Z ~ bb. As far as
the Z ~ bb decay is concerned, this NP should appear
in the form of contributions enhanced by some power of
the heavy top quark mass.

One popular way of describing this kind of new physics
(NP) is that of assuming that it corresponds to an ex-
tension of the SM in which all extra new degrees of &ee-
dom appear at a scale A that is much heavier than the
electroweak scale; i.e., A )) v. At present energies, the
effects of NP are completely described by integrating out
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all these new heavy degrees of freedom using standard ef-
fective Lagrangian techniques [8]. In this approach, until
now one has thoroughly examined only the possibility
that this NP is entirely contained in the bosonic sector,
where it has been satisfactorily described in terms of 11
independent dim=6 gauge invariant operators [5]. These
purely bosonic operators induce anomalous triple gauge
boson couplings at the tree level [5], and at the one-loop
level they also affect the fermionic vertices. In particular
two of these operators also create at one-loop m~ correc-
tions to the Z + bb amplitude, which could provide an
explanation for the possible deviation of I'b from its SM
value [9].

With the exception of the very special case of the Ztt
vertex considered in [10], anomalous direct gauge-boson-
fermion interactions, possibly involving also the Higgs
particle, have been disregarded up to now. As stated
above, the neglect of anomalous gauge boson and fermion
interactions appears well motivated for light fermions.
It does not appear justified though, in cases where a t
quark is participating, such as t and b physics. A fortiori,
then, such anomalous interactions should be investigated,
particularly also since they can teach us something about
Z ebb.

The aim of this paper is that of establishing a gen-
eral description for the residual NP interactions that may
directly affect the quarks of the third family. Assum-
ing that the NP is CP symmetric and that it obeys
SU(3), x SU(2) x U(l) gauge invariance, we classify all
possible dim=6 operators that could be induced by it
at the present low energies. For purely bosonic opera-
tors, this has already been done [5]. Here we establish
the operators involving quarks of the third family only,
possibly together with gauge and/or Higgs bosons. No
light quarks (from the first two families) or leptons are
allowed. The complete set of the purely bosonic and the
above "third family" operators should provide a full de-
scription of NP for energies lower than the threshold for
the excitation of the new degrees of freedom that may
exist. After this classification, we investigate what the
existing experimental information on Zbb can teach us
about these operators.

Under the previous general assumptions, we find 28
independent third family operators, which we classify in
two classes. The first class contains 14 members which all
involve the t~ field. Since it is precisely the qL, t~C com-
bination which characterizes the top mass in SM, it is
natural to assume that the tR involving "top" operators
have a "strong afIinity" to the scalar sector and, there-
fore, some of them may get enhanced by it. Incidentally,
a similar strong affinity also applies to (some of) the ll
purely bosonic operators [11].On the opposite side, cur-
rents such as e.g. , (ql, p"qL, ), have nothing to do with the
top quark mass. Consequently, the related operators are
put in a second class, as we feel that the possibility that
they are enhanced by NP is rather remote.

Therefore, we end up with a picture where NP is de-
scribed in terms of an effective Lagrangian containing
the 14 top operators of the first class and the 11 purely
bosonic ones mentioned above. Since the consequences
of the purely "bosonic" operators have already been fully

analyzed, we concentrate in this paper on the 14 t~ in-
volving ones. These operators induce anomalous effects
in direct processes such as, e.g. , top quark production
and decay, and also indirect effects in processes where a
virtual top quark appears as intermediate state.

The analysis of direct processes will require a clear and
copious production of top quarks which should be pos-
sible at future colliders such as, e.g. , the CERN Large
Hadron Collider (LHC), the Next Linear Collider (NLC),
or maybe the Fermilab Tevatron, after an important de-
velopment program. Since this is not the most urgent
point, we leave it for the future, and we concentrate in-
stead on the indirect processes for which experimental
results are presently available [18]. We then find that
existing data can give useful constraints on some of the
top operators, and provide an orientation on which oper-
ators one should retain in the future analysis of the direct
processes.

In Sec. II we give the full list of the 28 CP symmetric,
SU(3) x SU(2) x U(1) gauge invariant, dim=6 third fam-
ily operators of the first and second class. For complete-
ness, we also give the "bosonic operators established in
[5]. We then derive the constraints that can be obtained
&om the light fermionic sector using the LEP1, SLC, and
low energy experiments. They are of two different types.
First, those &om the light fermionic processes (i.e. , those
not involving b quarks), which are sensitive at one-loop
to top-operator contributions to the gauge boson self-
energies. Using these, we calculate in Sec. III the effects
on the relevant e, parameters which establish constraints
on four independent top operators. Second, in Sec. IV
we turn to the partial decay width Z ~ bb and to the
b asymmetry [12], which provide constrains on five top
operators: two of them belonging also to the group of the
four ones just mentioned above and three new ones. We
also find that two other top operators lead to anomalous
magnetic moment Zbb and ebb couplings, whose observ-
able first order effects, however, are reduced by the factor
ms/mq. Finally our conclusions and an outlook for the
future are given in the last Sec. V.

II. OPERATORS INVOLVING THIRD FAMILY
QUARKS OR BOSONS

The complete list of the dim=6, SU(3), x SU(2)
x U(1) invariant operators involving leptons, quarks,
gauge bosons, and scalar fields has been established in
Ref. [13]. Restricting to those operators involving quarks
of the third family only, (i.e. , either the left doublet
ql. = (t, b)r, or the right singlets t~, b~), and bosons, and
imposing also CP invariance, we obtain the following set
of operators classified in two classes. In class 1 we put
the operators involving at least one t~ field, while the
remaining ones are put in class 2. The operators in each
class are further divided into two groups; those contain-
ing four quark fields, and those including only two quark
fields.

Class 1
(Al) Four quark operators-
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Oqt (qLtR) (tRqL)

0~, ~ = (qLAtR) (tRAqL),

) 1—= —(bR+ybR) (bRP"bR),

Oqg = (qLbR)(bRqL),(1)

(19)

(2o)

1-
0« ——(tRP&tR) (tRP"tR),

2

Orb = (tRy„tR) (bRP"bR),

(s)

(4)

0, = (qL, AbR) (bRAqL) . (21)

(B2) Trio quar-k operators

Oq',
q

= i(C D„4)(qLp"qL) —z(D„C C-')(qLp"qL), (22)

O, s = (tRP„AtR) . (bRP"AbR), (5) 0@ ——z[(4 &D„4) —(D„4 q C.')] (qLp"7"qL), (2S)

Oqq —(tRtL) (tRbL) + (tLtR) (bLbR)
—(tRbL) (bRtI. ) —(bl, tR) (tL,bR), (6)

0@s = i [(@tD„4)—(D„Ct@)](bRp"bR),

ODs = (qLD„bR)D"4 + D"4 (D„bRqL),

(24)

(25)
Oi i = (tRAtL) (bRAbL) + (tLAtR) (bLAbR)

—(tRAbL, ) (bRAtL, ) —(bLAtR) (tI, AbR) .

(Bl) Trvo quark ope-rators

Ogler@ = (qLo'""q.bR) C' W» + 4 (bRo""7'qL) . W'»,

(26)

0&q ——(C 4)(qLtRC + tR4 qL), 0~BC, = (qL~""bR) C B„„+C. "(bRrr""qL)B„ (27)

0/2 —[@t(D„4) —(D„C t
)4](tRP"tR )

O,s ——i (4 D„C)(tRp" bR) —i (D„C C.) (bRp"tR), (10)

06G4' = (qLo A bR)C'G» + @ (bR& A qL)G» I (2S)

where A are the eight usual color matrices.
In the preceding formulas the usual definitions

OD, = (qLD„tR)D"4 + D"C (D„tRqL),
( p+

( ~( +II+ $ ) ) (29)

Org g = (qLo" rtR) 4 . W„+ 4 t (tRa~" 7 qL) W„„ D„= (B„+ig'YB„+igt W„) (so)
(12)

OtBc —(qLo tR)@B + C (tRo qL)B (is)

0)Gc = [(qLcr" A tR)C.'+ C' (tRo" A qL)]G . (14)

Class 2
(A2) Four quark operator-s

are used where Y is the hypercharge of the field on which
the covariant derivative acts and t its isospin matrices.

In addition to the above fermionic operators, NP in-
duced by new heavy degrees of freedom, may also be
hiding in purely bosonic dim=6 operators. Provided CP
invariance is imposed, this kind of NP is described by 11
independent dim=6 purely bosonic operators first clas-
sified in [5]. For completeness we give them below as

(x x)0,',"= (qL&~qL) (qLV" qL—)
OB~ = 2(D„W"~) (D"W„p), (si)

1
Oqq" = (qL~prqL) . (qL~"—rqL),

O~ ~ = (qLp„AqL) (qLp" A—qL),

(16)
0» = (~~B-p)(~"B"')

~~ . gfPI @P

Oq, ~ (D~Ot4)(4tD "4

8 30"' = (qLZ A 'qL)(qLV" -A 'qL) (18) Oq, 2
——40~(4 t4)0"(@t4),
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Oc,s ——8(ate )s, III. CONSTRAINTS FROM GAUGE BOSON
SELF-ENERGIES AND LIGHT FERMIONS

Ow = —,(W„x W„") . Wp", (37)

OU w = —(C t 4)W"" . W„
2

OU~ = 2(4t4')B""B„„, (39)

Ow@ =i(D„4)t~ W""(D„4), (40)

O~c, =i(D„4)tB" (D 4) . (41)

A being the NP scale and f; the dimensionless coupling
of the operator O;. The observable eKects predicted by
this Lagrangian will be discussed in the following sec-
tions. At this point we only note that it is convenient to
remove from O&z its tree level contribution to mz by an
appropriate renormalization of the top mass which leads
to

Oii ~
l

C' @ ——
l (qr tR@+ &it~' qr. ) . (43)

Similarly, a renormalization of the W and B fields leads
to the substitutions

v2
OUw ~ —OUw,

2
(44)

As mentioned in the previous section and provided CP
invariance is assumed, NP is described in terms of an ef-
fective Lagrangian containing the 14 fermionic operators
of the first class given in (1)—(14), and the 11 bosonic op-
erators in (31)—(41). Some of the second class operators
have been considered in [19]. We then define the effective
Lagrangian describing the corresponding residual inter-
actions as

(42)

The constraints on the couplings of the purely bosonic
NP operators from the available experimental results
(mainly) in the light fermionic sectors have already been
derived in [5]. For the "nonblind" operators ODw,
O~~, O@~, and O~~, these constraints are so strong
that their relevance for NP is virtually excluded. Only
the "superblind" operators (Og, 2, Ops), the 5 blind op-
erators (O~@,Owc, , O~~, OUw, Ow) and of course the
above 14 "top" operators have still a chance to describe
an observable NP. The constraints on the purely bosonic
blind operators &om Z ~ bb have also been studied in

[9], where it has been found that only Oii@ and Ow@
are sensitive to this process, since only these give a lnA—
dependent contribution increasing with mq. We also note
that unitarity considerations have also been applied to
the five blind purely bosonic operators. They led to the
conclusion that "unitarity" is as effective in constraining
the blind couplings, as are present LEP1 measurements
[14].

In this section we give the constraints for the top oper-
ators of our first class. These operators contribute to the
light fermion processes only at the one-loop level, giv-
ing universal oblique corrections to the gauge boson self-
energies. In general, the relevant diagrams have the same
topology as the SM ones, i.e., tt loops for neutral currents
and tb loops for charged currents (in some cases tadpoles
generated by four-leg couplings may also appear). In the
SM, these diagrams produce the well-known strong mz
contribution to Ap. For the top operators listed in (1)—
(14), contributions having a different m, q dependence may
be generated. In the calculation, we only keep the diver-
gent part of the leading m& contribution. This is required
for consistency with our effective Lagrangian approach,
where we restrict to dim=6 operators only.

Only four of the above top operators give a nonvan-
ishing NP contribution to either the eq or e3 parameters
conventionally defined in [15,16]. All other top operators
give no contribution to ~q 3 and none of the operators
contributes to sg. Thus, defining L = lnA2/M~~, the
only nonvanishing results are

V
OUB ~ OUB

2
(45)

3m2
ei (t2) = —

2
'

2 f&2L = —0. lOlfp 2

from Oq2,

(48)

with the definitions

1 ftv2 )'
Ovw = —,

l

Ct@ ——
l

W"
J

4 ('
t v')

0~ii = —
l

C'te' ——
l
B~"B~„,

v ( )

(46)

(47)

3 m3
(Dt) = — fDiL = 0 0028frig —(4.9)

16vr 2 &2Mw A2

for OD~,

(~W@) = — ftwc L = 0 0060fqw@—(5. 0)(Np) 5Mwm,
4~2 2A2

for Oq~@, , and

which remove the tree level contributions of these oper-
ators to the W„and B~ kinetic energy. Note Table I in the second paper in Ref. [5].
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(tBO) = — ft~@L = —0.0066fg~@
(Np) 3cw Mwmq

4vr2 2swA2

(51)

—3 2 x 10 & 6i + +3.2 x 10 (52)

for Oq~@. For the numerical results in (48)—(51) we
have used mq ——175 GeV and A = 1 TeV, while 8~
has been identified with so 0.231 defined by Soco ——

vro. (Mz)/(~2Mz2G„) and describing the Weinberg angle
including @ED corrections only [15].

The present experimental knowledge from LEP1 and
SLC is summarized, e.g. , in [1j, where it is found that

with gP& ——(—1/2+2s2w/3), gg&
———1/2, and the anoma-

lous Z and p magnetic moment couplings by

(rr""q„)hrz,
28~cd mq

(59)

(cr" q„)br~ .
mg

(60)

~~V b ~~Ah
z z

'I'urning now to the results, we start from the remark
that the operators Oqp) Oqg ) O$2) and OD& give purely(s)

left-handed contributions to the anomalous Zbb coupling.
These are written as

—38x10 & e3 &+18 x10

provided m&, mH are allowed to vary in the range 160 &

mq & 190 GeV and 65 GeV& m~ & 1 TeV. Comparing
(52) and (53) with (48)—(51) one then gets

327I

+ 5g fD~m~s

2~2Mw

—F2 m,

(61)

—0.3 & f,2 & +0.3, (54) On the contrary, the operator O&b generates a pure right-
handed NP contribution to Zbb, which is given by

—1.1 & frig & +1.1, z z 3f~~m~2

~~V b ~~Ah
1 2 2 (62)

—0.27 f~wc, +0 47,

—0.27 & ft~@ & +0.43,

(56)

(57)

Finally, Oqq and Oqq generate only anomalous magnetic-
moment-type couplings for both Z and p. Using the def-
initions (59) and (60) we find

provided that each operator is considered separately, and
that no cancellations among the contributions Rom dif-
ferent operators are taken into account.

„z & 16 (s)& e(1 —»w/3) L (63)

IV. CONSTRAINTS FROM THE bb
OBSERVABLES

( 16 (s)) 2m,'"'=-~'+ 3' ~48 A') 7r
(64)

At one loop the top quark operators also affect the Zbb
and ebb couplings. In the SM case, the top and Goldstone
boson (in the Rt. gauge) exchange diagrams produce the
well-known strong m, contribution. With our set of top
operators one generates several new mq-dependent con-
tributions. Again, for each operator, we only retain the
leading mq and lnA -dependent contributions, and ne-
glect quantities proportional to mq/Mz. Nonvanishing
eKects now arise only &om the five four-quark operators

q$ ) Oqp ) Opb ) Oqq ) Oqq ) and &om the two two-quark
operators Oq2 and ODg. These operators give three differ-
ent types of anomalous contributions: namely, vector and
axial vector couplings for Zbb, and anomalous magnetic
moment couplings for both Zbb and ebb. We normalize
the vector and axial Zbb vertex (8-matrix elements) as

I

~"[gv~+ ~g~~ —~ (»~+ ~g»)j (58)z z 5 z z
(2swcw )

Note that; charge conservation prohibits the appearance of
anomalous vector and axial vector couplings for p.

The interesting thing about these anomalous magnetic
couplings is that they have nothing to do with the b-

quark mass mb, i.e., they can exist even if mb vanishes.
Their contribution to observable efFects is however, to
first order, proportional to ms/m~. This is easily under-
stood because first-order contributions could only arise
&om interference with the SM amplitude, which, being
vector or axial vector leads to (b, b) pairs with opposite
helicities, while the magnetic interactions induced by Oqq
or O~~ want to give to (b, b) the same helicity. Thus, in
the mb + 0 limit there is no interference. We should
also remark that the treatment of Oqq and Oqq to first(s)

order only is consistent with our approximation to ne-
glect dim=8 operators, which will inevitably arise in the
divergent part of loops involving two dim=6 top opera-
tors.

We conclude therefore that seven of the 14 top op-
erators give NP contributions to Z -+ bb. These con-
tributions, determined by (58)—(64), modify the partial
width I'(Z + bb)—:I'b and the "longitudinally polarized
forward-backward asymmetry" Ab defined at the Z peak
by
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a(e I ~ by) —a(el ~ b~) + o (eR ~ b~) —o(eye ~ bP)
b =

o (e~ -+ by ) + o (e~ —+ bye) + o.(eR —+ bye) + o (e~ -+ by )

o(e& —+ by) —a(el —i b~) o(e& -+ b~) —a(e& -+ b~)
a(e~ m by) + a(eL —i bye) a(r~ m b~) + a(ey, m by)

' (65)

where the second line in (65) just follows by rotating
the Z spins by 180' around an axis perpendicular to the
beam direction. In [12], it has been shown that from
these quantities one can measure two model-independent
parameters which are sensitive to the NP considered in
the present work: namely

I'b—= 1+bb„,r.

I

ters are

VdBg~b + 8g~b + 3Vg 8K(NP) 4 z z mb Z
1+ v& mq

(Np) 2(1 "d) z z
b

—— i 2~ [SgVb —vd~gAb]
vg~l + v&)

4(1 —2vd) mb
&

v„(1+ v„')m,

(68)

(69)

Ab = 1+gb .
S

(67)

The new physics (NP) contributions to these parame-

where vp ——1 —38O, and 80 0.231 has already been
defined immediately after (51). Using (61)—(64) we thus
find

= —0.oo21I f i+ f ——fi2
I

—o 0048' i —o 0023fib+ o 17 x 1o
I

J' +(Np) ( 16 (s) 16
bv ( qi 3 qi ) 3 ") (70)

rI = —0.00014
~ f + f ——f

~

—0.00036f~ + 0 0046f b.+ 5.4 x 10
~
f + f(Np) ( 16 (s) ~f 16

b '

( qi 3 qi )

where the same input parameters as in the preceding sec-
tion have been used.

It is worth noting from (66) and (67) that the pa-
rameters bb~ and gb are useful for any kind of cou-
pling, while the parameter eb defined in [15] applies only
to the pure left-handed case for which it is given by
eb = 2ogvb —— 2h&Ab —Using.—(68) and (69) we also
notice for the NP contribution that the sign (and magni-

tude) of the ratio r)b )/bb(„) discriminates between the(NP) (NP)

purely left-handed or the magnetic anomalous contribu-
tion on the one side, and the purely right-handed one
induced by Ozb. Indeed we find

The results presently available on I'b alone from LEP
[1,2] and Si C [3], would lead to a difference between the
experimental findings and the SM prediction:

bbv ——(+1.93 + 1.08) x 10 (75)

—15&1 & —4, (76)

By comparing this with (69) one obtains the following
one-standard deviation numerical constraints on the cou-
pling constants of the contributing seven top operators,
taken one by one:

2
(NP)/b(NP) (1 vd) = 0.068 0

2v(g

f» (qi, &«, &Di) +$2), and(8)

(72)
—3&y,,') & —0.7,

—6& fat, & —2

(77)

(78)

1 —2v'/b' "= ' = 0 03 & 0
O'U d

+4 & F2 & +15, (79)

for (Dqq, C7qq ), while the Gib case gives

(NP)/b(NP) (1 + vd)

2vg

This numerical difFerence between the predictions (74)
and (72) and (73) could be essential in the search for the
Q~b operator at the SLC.

—14&fib & —4

0.5 x 10 & Jqq & 2 x 10+

(80)

(81)

10+ & J' ) &4x10+
qq (82)

The very loose limit on fqq and fqq is due to the pres-
ence of the mb/mi factor in front of the magnetic cou-
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pling 8r in (68) and (69). It corresponds to a 8K value
of the order of 0.1. One may wonder whether it could
be possible to measure separately the magnetic ebb and
Zbb couplings by performing measurements outside the

Z peak. The differential cross section for the process
e+e ~ bb going through photon and Z exchange, cal-
culated at the tree level and neglecting for consistency
quadratic terms in (hK~) and (be+), is given by

S2 4m'
4 4, , 2 ( v, + g~, ) (gv b + g~b) (1 + pb cos 0) + (gv b

—g~b)168~c~
~

Dz
(

8

+8gvegAegvbgAbpb cos 9 + 8bK ((gv'z + g~z)gvb + 2gvegAegAbpb cos 0)zmb
mt

QbgVs. g&b
l

+ pb +
s )

+2QbgA gAbPbCOS g + 4 (gV IQbgo + gV b b]C+ gA gAbPbgo COS g)
)mt

(83)

where Qf is the fermion charge,

9Vf tf 2Qfsglb 9Af tf )
(3) 2 (3) (84)

Pb = QI —4mb/s is the b quark velocity and lDzl
(.—M, )'+ ~,'r', .

We see from (83), that an accuracy of one percent be-
low the Z peak would allow the determination of br~
at the level of 0.1. This would mean roughly the same
sensitivity to f~~ and fz~ as from Z peak experiments.
Anomalous magnetic moment interactions have also been
studied in [17].

V. CONCLUSIONS

In this paper we have studied some of the new physics
signatures expected in the case where all the new degrees
of freedom are too heavy to be directly produced at the
colliders in the foreseeable future. In such a case NP
is predominantly described by dim=6 operators involv-
ing only standard model particles, including the usual
Higgs doublet. Motivated by the overall picture im-
plied by the amazing success of the SM in explaining
the present precision measurements, we are led to a set
of 39 SU(3), x SU(2) x U(1) gauge invariant and CP sym-
metric operators. Eleven of these operators are purely
bosonic and have been studied before, while the remain-
ing 28 involve, in addition, quark fields of the third fam-
ily. Among these 28 operators, there are 14 where the
t~ Geld appears, at least once. The motivation for sin-

gling out the quarks of the third family is supplied by
the large top mass, which indicates a strong "affinity"
of these quarks to the Higgs sector. If we believe that
a next possible step in particle physics is that of un-
derstanding the spontaneous-breaking mechanism, then
a good way to find some kind of new physics is that of

looking whether any of these operators acquires an ob-
servable strength. In this respect it looks as if the t~
involving operators, as well as the purely bosonic ones,
are more likely to be enhanced by whatever NP is hidden
in the scalar sector.

The above 14 top operators should best be studied
through their effects in top production at the future col-
liders. Before doing this, though, we need to study what
kind of hints on the expected strength of the various oper-
ators may be obtained from LEP1 and SLC. Thus in the
present paper we have studied their effects on the gauge
boson self-energies and the Z ~ bb decay. It turns out
that Gve of th~~~ operators, namely 0«, Ot~, Oti, Ot3)(s)

and Ot~@, , give no contribution to these quantities. Thus,
present experimental knowledge provides no information
on them. On the other hand, the remaining nine oper-
ators give nonvanishing contributions to at least one of
E'i, c3, and the Z —+ bb parameters g& and bt . The(NP) (NP)

results are summarized in Table I, where the blanks indi-
cate no contribution from the corresponding operator. It
should be noted that none of these operators contribute
to E'2.

The most interesting result in Table I is given by its
last column which indicates that the ratio gb /8b„

(NP) (NP)

provides a very strong signature for discriminating be-
tween the left-handed, right-handed, and the anomalous
magnetic Zbb vertex. Note that if a single operator dom-

inates, the ratio qb /bb„ is independent of the mag-(NP) (NP)

nitude of its coupling and depends only on the nature of
the induced Zbb vertex.

It should be stressed. that the large and negative
qb~ /hb„ratio would be a rather peculiar signature(NP) (NP)

of the Otg operator. In practice, it would predict a two
(NP)percent (negative) effect in gb

i for a one percent pos-

itive effect in b&„. This should be detectable at SLC
at their expected final accuracy. Note that this effect
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TABLE I. Contributions of top operators to Z peak physics.

Operator
Dqt
~(8)

qt

Dt

(8)
qq

tMC
tH4

—1.1 x 10 fez
-2.8 x 10 fog

(NP)

—6.0 x 10 ~ ft~q,
—6.6 x 10 f~~q,

8(NP)
bv—2.1 x 10 fqt.

—1.1 x 10-'f"'
2.1 x 10 F2

—4.8 x 10 fo~
1.7 x 10 fqq

9.1 x 10 5 f—qq
—2.3 x 10 fgg

(Np) /8(NP)

0.068
0.068
0.068
0.068
0.03
0.03

—2.068

would be of opposite sign (and larger in magnitude) than
the corresponding prediction for the remaining operators

Oqt p Oqt y Ot2 ~ ODQ 1 Oqq y Oqq that contr&bute here. Note
also that two of these operators, namely Ot2 and OD& are
(qualitatively at least) disfavored by our analysis from

(Np)the apparent inconsistency between their eKects on ez

indicated in (54) and (55) and on 8& shown in (78)
and (79).

Finally, it is more spectacular to remark, that the pre-
dicted ratio rl& /b&„and the magnitude of g& for(NP) (NP) ~ (NP)

the Otg operator would be orthogonal to the expecta-
tions for the minimal supersymmetric SM. Here, in fact,
the trend would be that of positive rl& (of order one(Np)

percent) for positive 8& . However, this prediction(NP)

would be necessarily accompanied by the discovery of
suitably light supersymmetric particles, such as, e.g. , a
light chargino and/or a light neutral Higgs boson.
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