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tan b determination from heavy Higgs boson production at linear colliders

V. Barger,* T. Han,† and J. Jiang‡

Department of Physics, University of Wisconsin, 1150 University Avenue, Madison, Wisconsin 53706
~Received 26 June 2000; published 27 February 2001!

We study the production at futuree1e2 linear colliders of the heavy neutral Higgs bosonsH andA of the
minimal supersymmetric standard model in association with top and bottom quarks. The cross sections have a
strong dependence on the parameter tanb, and thus provide a good way to determine it. At a linear collider
with As50.5–1 TeV and expected integrated luminosities, we find significant sensitivities for determining
tanb. In the supergravity scenario, the sensitivity is particularly strong for tanb*10, reaching a 15% or better
measurement. In the general MSSM scenario, the interplay between the 4b and 4t channels results in a good
determination for tanb&10, while the sensitivity is weakened for higher values of tanb.
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I. INTRODUCTION

One of the most promising avenues for physics beyo
the standard model~SM! is supersymmetry~SUSY! @1#,
since it can provide a fundamental understanding of e
troweak symmetry breaking~EWSB! and it allows unifica-
tion of the electroweak and strong interactions at a gr
unified scale@2#. Because of its great theoretical attractio
extensive phenomenological work continues to explore
ways for discovery and precision study of supersymme
particles at present and future colliders.

Most of these investigations are directed to the minim
supersymmetric standard model~MSSM!, which has the
minimal new particle content@1#. The MSSM contains two
Higgs doublets which develop vacuum expectation val
,H1.5v1 /A2 and,H2.5v2 /A2 that break the SU(2)
3U(1) gauge symmetry spontaneously@3#. There are 5
physical Higgs bosons in the MSSM: twoCP-even statesh
and H, a CP-odd stateA, and two charged statesH6; the
lightest Higgs boson ish.

The ratio v2 /v15tanb is a critical parameter of the
MSSM: It characterizes the relative fraction that the tw
Higgs doublets contribute to the EWSB, and it enters
sectors of the theory. The interactions of both the SU
particles and the Higgs bosons depend on tanb, and the
relations of SUSY particle masses to the soft symme
breaking parameters of supersymmetry involve tanb @3#. A
measurement of tanb from one sector will thereby allow
predictions or tests in other sectors. The renormaliza
group evolution of the Yukawa couplings from the unific
tion scale to the electroweak scale are sensitive to the v
of tanb. The large top quark mass can naturally be explain
with mb2mt unification as a quasi-infrared fixed point of th
top Yukawa coupling if tanb.1.8 or tanb.56 @4#. The
possibility of SO~10! Yukawa unification requires the hig
tanb solution @5#. The predicted mass of the lightest SUS
Higgs boson also depends on tanb, with mh;105 GeV at
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tanb.1.8 andmh;120 GeV at tanb *20 @6#.
Because of the significance of tanb for the theory and

phenomenology of the MSSM, it is important to find pr
cesses in which tanb can be best determined. Some regio
of the MSSM parameter space have been excluded at L
@7# due to the lower bound on the lightest Higgs boson m
(mh), particularly at low tanb near 1. Much of the paramete
space remains to be explored at the upgraded Tevatron@8,9#,
the LHC @10–12#, the future linear colliders@13–18# and
muon colliders@19#. The tanb constraints that may be ob
tained frommh via radiative corrections@6#, or from preci-
sion electroweak measurements@20#, or from SUSY particle
production usually depend also on other SUSY paramet
Furthermore, measurements of sinb or cosb via other SUSY
processes without directly involving Higgs bosons do n
accurately determine large tanb values @17#. For general
SUSY Higgs phenomenology, we refer the readers to
views @21#.

The Higgs couplings ofH,A,H6 to heavy quarks are
given by

A t̄t:
2gmt

2mW
cotbg5 Ab̄b:

2gmb

2mW
tanbg5 ~1!

H t̄ t:
2 igmt

2mW

sina

sinb
'

igmt

2mW
cotb

Hb̄b:
2 igmb

2mW

cosa

cosb
'

2 igmb

2mW
tanb ~2!

H1 t̄ b:
igVtd

2A2mW

@~mb tanb1mt cotb!

1~mb tanb2mt cotb!g5#, ~3!

where the decoupling limitMA@MZ has been assumed fo
the approximate forms ofH t̄ t,Hb̄b. In this limit, the lightest
Higgs bosonh becomes SM-like and its couplings are inse
sitive to SUSY parameters. For theH,A,H6 Higgs bosons,
tanb is essentially the unique parameter for Higgs-hea
quark couplings. This suggests that studies of the associ
©2001 The American Physical Society02-1
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production of the Higgs bosons and heavy quarks may ef
tively probe the tanb parameter.

Heavy Higgs boson production at futuree1e2 colliders
was discussed in Ref.@15#. In a recent study Feng and Moro
@16# evaluated the prospects for determining tanb in e1e2

collisions withAs50.5 and 1 TeV c.m. energy via the pro
cesses

e1e2→Zh,AH,tb̄H2 and t̄ bH1. ~4!

The primary channel in their study involves theH1 t̄ b cou-
pling. They found that the strong dependence of heavy Hi
branching fractions on tanb allows stringent constraints t
be placed for moderate tanb @16# in the MSSM. In the
present paper, we report results of a complementary stud
the associated production of a neutral Higgs boson and he
quarks

e1e2→H t̄ t,Hb̄b,A t̄t, and Ab̄b. ~5!

These processes involvet̄ t andb̄b production separately an
are thereby expected to be complementary for low and h
values of tanb. We study the sensitivity to probe tanb in
two scenarios: the minimal supergravity model~M SUGRA!
and the MSSM.

The paper is organized as follows: We present the Hi
decay branching fractions and the cross sections for the
sociated production of the Higgs bosons and heavy quark
Sec. II. We analyze the sensitivity to determine the value
tanb at future linear colliders in Sec. III. We discuss o
results, make some general remarks and conclude in Sec

II. NEUTRAL HIGGS PRODUCTION

A. Input parameters

In MSSM at tree level, the inpute parameters in the Hig
sector aremA and tanb. In a general analysis including ra
diative corrections the parameters required are

mQ , mU , mD , M1 , M2 , AU , AD and m,
~6!

wheremQ is the soft SUSY breaking mass parameter of le
handed stop~where only the heavy third generation para
eters are relevant!, mU(mD) the SUSY breaking mass param
eter of right-handed top squark~bottom squark!, M1 ,M2 the
gaugino masses,AU(AD) the top squark trilinear soft break
ing term, andm the Higgs mixing parameter. The large p
rameter space involved makes phenomenological studies
ficult. On the other hand, once a precision measuremen
made in the Higgs sector in future collider experiments,
would expect to learn more about the SUSY sector due to
radiative relations among the physical SUSY masses. Ins
of exploring the large space of the MSSM soft paramete
we focus on the following two scenarios for illustration.

1. M SUGRA

Motivated by the minimal supergravity~M SUGRA!
model and the requirements of radiatively generated e
07500
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troweak symmetry breaking~EWSB!, we relate the soft
SUSY breaking parameters to the common scalar, ferm
and trilinear parametersm0 , m1/2, andA0 at the grand uni-
fied scale. For specific choices of tanb the results depend on
the sign ofm. The m.0 sign is less constrained byb→sg
decay@22# and we adopt this convention in our analysis.

We make use of theISAJET package@23# to determine the
SUSY masses and couplings from the grand unified the
~GUT! scale input parameters. The Higgs boson mass eig
values are among the outputs of this program. These va
agree with the corresponding results from the code of R
@24# to a precision &0.3%. The soft-supersymmetry
breaking parameters are evolved according to renorma
tion group~RG! equations@4,25,26#. For our illustrations we
make the parameter choicem05250 GeV, m1/2
5150 GeV, A052300 GeV, along with the positive
sign of m. The magnitude ofm is fixed in terms ofMZ
through the radiately generated EWSB. For three represe
tive tanb values, the mass eigenvalues of Higgs bosons
SUSY soft-breaking terms are listed in Table I. For char
nos and neutralinos, we list only the masses of the ligh
ones. In fact, our choice of the above parameters is so
what conservative in exploring the SUSY Higgs sector.
largem0 results in heavyH,A,H6. Consequently it leads to
the ‘‘decoupling limit’’ @27# so that the lightest Higgs boso
h becomes SM-like and thus insensitive to the SUSY para
eters.

2. MSSM

We also perform the same study in the MSSM scena
in which tanb as well as the masses of the Higgs boso
~determined bymA) are all free parameters to explore. Th
choice of other input parameters is as follows:

m5272 GeV, mQ5356 GeV, mU5273 GeV,
~7!

mD5400 GeV, AU52369 GeV, AD52672 GeV

~8!

mx65111 GeV, mx0559 GeV. ~9!

These soft SUSY breaking parameters are similar
M SUGRA parameters with tanb'15. In particular we
study two cases withmA5200 GeV and 400 GeV, while
mH is nearly degenerate withmA . These choices represen
the kinematical situations forA,H to be below and abovet t̄
threshold.

TABLE I. ISAJET output parameters.

tanb mA mH mx6 mx0 m mQ mU mD AU AD

3 434 438 105 56 315 360 265 4112330 2693
10 373 373 110 57 274 359 272 4062370 2689
30 273 273 112 59 264 337 276 3642354 2581
2-2
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FIG. 1. M SUGRA: Leading branching frac
tions of decays~a! of A and~b! of H versus tanb.
hi
M

ss

.
ir
s

in

e

c-
like

lace

h
ms

een
n-
he

d,
B. Branching fractions

We use the program provided in Ref.@24# for obtaining
the branching fractions for the Higgs boson decay. In t
program all kinematically allowed decay channels in MSS
are included and RG improved values of Higgs boson ma
and couplings with the main NLO corrections@6# are imple-
mented.

In Fig. 1 we plot the branching fraction of the decays~a!
for A and ~b! for H versus tanb in M SUGRA. As tanb
increases, the branching fractions ofA and H decay intot t̄

drop rapidly and the decays intobb̄ increase dramatically
The branching fractions into chargino and neutralino pa
peak at intermediate values tanb;5 and can be as large a
30%. Branching fractions ofH decay intohh and WW are
also shown in Fig. 1~b! for comparison. With this strong
dependence of the branching fractions on tanb, we expect
neutral Higgs production channels to be useful in determ
ing the value of tanb. In particular, it is interesting to note
the complementarity betweent t̄ andbb̄ modes for small and
large values of tanb.

In the MSSM scenario, for the case ofmA5200 GeV,
Fig. 2 shows the branching fraction of the decays ofA andH

versus tanb. Note that thet t̄ channel is not open. For th
07500
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case ofmA5400 GeV, the corresponding branching fra
tions are shown in Fig. 3. We see that Figs. 1 and 3 are a
due to similar kinematical thresholds.

C. Cross sections and final state signature

As a representative example of the processes in Eq.~5!,

the tree-level Feynman diagrams fore1e2→Ht t̄ are shown
in Fig. 4. For the other processes, we simply need to rep

H with A, or/and t t̄ with bb̄. The last diagram in Fig. 4
involving theZZH coupling is unique to the process whic
hasH in the final state. We have included both the diagra

of Higgs radiation off a heavy quark (Ht t̄ ) and Higgs decay
(HA→Ht t̄ ). QCD corrections to these processes have b
recently calculated@28# and found to be moderate at the e
ergies of current interest. It is important to note that t
H(A) decay processes are sensitive to tanb only when the
branching fractions vary rapidly. TheH,A→bb̄ branching
fractions gradually approach unity at large tanb, and the
dependence on tanb is thus reduced here. On the other han
diagrams withH(A) radiation off a heavy quark typically
have a quadratic dependence on tanb, and are thus quite
sensitive to tanb.
s
FIG. 2. MSSM: Leading branching fraction
of decays withmA5200 GeV~a! of A and~b! of
H versus tanb.
2-3
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FIG. 3. MSSM: Leading
branching fractions of decays with
mA5400 GeV~a! of A and~b! of
H versus tanb.
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Figure 5 shows the calculated total cross sections of
processese1e2→A(H)t t̄ ,A(H)bb̄ versus the center o
mass energy (As) for tanb53 and 30 in the M SUGRA
scenario. The cross sections forAbb̄,At t̄ can be typically of
0.1–10 fb for this range of tanb at linear collider energies
of 0.5–2 TeV. The maximum rate is reached at a c.m. ene
about 300 GeV or so above theAt t̄ threshold. Note the dif-
ferent mass thresholds in this figure for the two values
tanb, as given by the masses in Table I. For the heavy Hi
bosons under consideration, we concentrate on a collider
ergyAs;1 TeV. We plot the cross sections versus tanb in
Fig. 6~a! in the M SUGRA scenario. At low tanb the asso-
ciated production ofA with t t̄ is dominant but this channel i
greatly suppressed at large tanb values. On the other hand
the production ofA in association withbb̄ is small at low
tanb and increases rapidly with tanb. Figure 6~b! shows the
cross sections similar to Fig. 6~a! but in the MSSM scenario
for cases:mA5200 GeV atAs5500 GeV~solid! and 400
GeV atAs51 TeV ~dashes!. The associated production o
H with t t̄ or bb̄ has similar characteristics toA production.

Concerning the final state signature with theA(H) de-
cays, we notice that at low tanb, both the production cros
section forAt t̄ (Ht t̄ ) and the branching fraction forA(H)
decay into t t̄ are large as a result of the typical (cotb)4

enhancement. Thee1e2→t t̄ t t̄ signal is dominant at low
07500
e

y

f
s
n-

tanb but at high tanb, e1e2→bb̄bb̄ becomes dominan
because of the (tanb)4 enhancement. For intermediate va
ues of tanb;5, the SUSY decay modes, such asA,H
→x1x2 andx0x0 can be more important. We show in Fig
7~a! the total cross sections atAs51 TeV versus tanb in-
cluding the different final states. The complementarity of t
three final states in different range of tanb can be seen in
this figure. Figure 7~b! again shows the contribution of thes
final states for tanb values where they are most importan
4b for tanb530, bb̄x6x7, or bb̄x0x0 for tanb510, and
4t for tanb53. The 4b standard model background is als
shown by the dot-dashed curve.

In the MSSM scenario, similar curves for the 4t and 4b
final state signals are shown in Fig. 8 for two cases:mA

5200 GeV at As50.5 TeV and mA5400 GeV at As
51 TeV.

D. Background

The most robust channels,bb̄bb̄ and t t̄ t t̄ , from neutral
Higgs production have rather small SM backgrounds. T
SM expectation fore1e2→bb̄bb̄ production is shown in
Fig. 7~b!. The cross section decreases with increasingAs as
(1/As)2. At As51 TeV, the 4b background is only 0.1 fb,
much smaller than the signal rate at large tanb. The SM
cross section fore1e2→t t̄ t t̄ is smaller than 1023 fb at
o

b-
FIG. 4. Feynman diagrams contributing t

e1e2→Ht t̄ . The diagrams fore1e2→At t̄ are
similar, except that the last diagram above is a
sent.
2-4
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FIG. 5. M SUGRA: Total Higgs production
cross sections versus the center of mass ene

with tanb53 and 30 ~a! for e1e2→At t̄

~dashes! and Abb̄ ~solid! and ~b! for e1e2

→Ht t̄ ~dashes! andHbb̄ ~solid!.
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As51 TeV and thus is negligible. The SM 4b background
at 500 GeV is about 3.7 fb. We take this background i
consideration when we calculate the limits atAs
5500 GeV. Since the SM backgrounds are small relative
the signals of interest, we do not need to impose soph
cated kinematical cuts and the signal rates are thereby b
preserved. The final states involving the gauginos may h
rather large SM backgrounds frombb̄,t t̄ , gauge boson pro
duction. We neglect those channels in our evaluation.

III. ANALYSES AND RESULTS

As the parameter tanb is varied from small to intermedi
ate to large values, the dominant Higgs signal comes fr
the three channelst t̄ t t̄ , bb̄xx, bb̄bb̄, respectively.
Since the sizes of the signal cross sections depend sensit
on tanb, a determination of tanb should be possible
throughout tanb ranges where there are substantial sig
event rates. In our analyses, we employ thet t̄ t t̄ signal at low
tanb and thebb̄bb̄ signal at large tanb. For the intermedi-
ate tanb values, we combine these two channels. We do
include the channels with gaugino final state in our cons
eration since the signatures would depend upon other SU
parameters such as the slepton and squark masses. We
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regard the results of our analyses to be conservative.
We consider aAs51 TeV collider with three integrated

luminosities of 50, 100 and 500 fb21. After applying the
geometrical cut

cos~ub!,0.9 ~10!

to the 4b signals, the total cross section is reduced to 23
which we take as the geometrical efficiency. Because of
low background cross section, we only need low purity
b-tagging; we assume ab-tagging efficiency,eb'65% @29#.
Sinceb-quark flavors are conserved in the production p
cess, we can relax the requirement to tag only threeb-quarks,
as is a standard practice. Then the efficiency of detectingb
in a 4b sample is 4eb

323eb
4'56%. For the 4t channel, al-

though the event kinematics would be more involved,
distinctive event topology compared to the SM multi-j
backgrounds should allow a clear signal separation. No
theless, we still require the identification of at least threeb
quarks. At a given tanb value, we multiply the total cross
section of 4t or 4b channel with the geometrical efficiency
theb-tagging efficiency, and the integrated luminosity to g
the signal event rateNS . The statistical standard deviation
s5ANS. In the presence of SM backgrounds, we simila
s
FIG. 6. Total Higgs production cross section

for e1e2→At t̄ and Abb̄ versus tanb ~a! in
M SUGRA atAs51 TeV and~b! in MSSM for
mA5200 GeV atAs5500 GeV~solid! and for
mA5400 GeV atAs51 TeV ~dashes!.
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FIG. 7. M SUGRA: Total cross sections with
different final states includingA,H decays~a!
versus tanb at As51 TeV, and~b! versusAs
for representative values of tanb53, 10, and 30.
The SM expectation of 4b production is also in-
cluded for comparison.
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determine the background event rateNB . We then take the
conservative estimate for the signal fluctuation

s5ANS1NB. ~11!

For a 95% confidence level~C.L.! cross section measure
ment, the range for the number of events is taken to beNS
61.96s. The corresponding bounds on the signal cross s
tions can be translated into allowed rangesD tanb given by

D tanb5tanb62tanb, ~12!

where tanb is determined fromNS and tanb6 is determined
from NS61.96ANS1NB.

We first consider the M SUGRA scenario at aAs
51 TeV linear collider. We combine bothA and H chan-
nels. In Fig. 9, the 95% C.L. constraints onD tanb for
50 fb21 ~solid!, 100 fb21 ~dashes! and 500 fb21 ~dotted!

FIG. 8. MSSM: Total cross sections with 4t and 4b final states
including A,H decays versus tanb. The solid curve is formA

5200 GeV atAs5500 GeV; the dashes are formA5400 GeV at
As51 TeV.
07500
c-

are shown versus tanb. We find encouraging results for th
tanb determination. For instance, with a luminosity of 10
fb21, uD tanbu'3 or better can be reached at the low val
of tanb, mainly via the 4t channel. At the high value o
tanb, uD tanbu'5 can be reached, mainly via the 4b chan-
nel, which is better than 15% accuracy. The slightly mo
difficult region is tanb'627, where the 4t and 4b chan-
nels both yield smaller contributions. We expect that the
clusion of the chargino channels would improve the deter
nation. Nevertheless, a good determination has been see
the whole tanb range of interest.

We next consider the MSSM Scenario. For the case w
mA5200 GeV, theA,H→t t̄ decay channel is closed an
we only make use of the processes with 4b in the final state.
With the lower Higgs boson masses, it is sufficient to co
sider a linear collider withAs5500 GeV. The 95% C.L.
constraints on the tanb determination are show in Fig. 10~a!
for 100 fb21 ~solid!, 200 fb21 ~dashes! and 500 fb21 ~dot-
ted!. In Fig. 10~b! we compare our result for 100 fb21

~solid! with that obtained by Feng and Moroi~dot-dashed!
@16# and they are comparable. For the case withmA

FIG. 9. M SUGRA: Determination of tanb atAs51 TeV com-
bining bothA and H channels; 95% C.L. constraints on the tanb
values are shown for 50 fb21 ~solid!, 100 fb21 ~dashes! and
500 fb21 ~dotted!.
2-6
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FIG. 10. MSSM: Determination of tanb for
mA5200 GeV atAs5500 GeV. ~a! 95% C.L.
constraints on the tanb values for 100 fb21

~solid!, 200 fb21 ~dashes! and 500 fb21 ~dot-
ted!. ~b! Comparison of 95% C.L. constraints o
tanb for 100 fb21 of our result~solid! with that
obtained from Ref.@16# ~dot-dashed!.
r
n

r-
a
es

a

m

io
ea
bl

rio

-

mi-

f

to

f

5400 GeV, the constraints on tanb values are shown in
Fig. 11, similar to the previous figure. Since the 4t channel is
available in this case, the determination at low tanb is sig-
nificantly improved. For most values of tanb, in particular
higher values, we get more stringent constraints than the
sults in @16#, indicating the potential of better determinatio
on tanb via the neutralH and A channels under conside
ation. We list our tanb constraints in Table II based on
100 fb21 integrated luminosity and compare with the valu
that we estimate from the results by Feng and Moroi@16#,
where a different statistical procedure ofx2 was adopted.
The results are largely comparable, but our constraints
somewhat tighter, especially for higher values of tanb as
already seen in Fig. 11~b!.

IV. DISCUSSION AND CONCLUSION

For the M SUGRA scenario, tanb is essentially the only
variable after fixing the other soft SUSY breaking para
eters. The masses of theH,A Higgs bosons decrease as tanb
increases. Thus the corresponding Higgs branching fract
and the production cross sections at a given energy incr
with tanb, especially for large values. This leads to possi
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accurate determinations of tanb in M SUGRA ~Fig. 9!, for
high values in particular. In contrast, for the MSSM scena
the masses ofA andH are independent of tanb, and are kept
fixed in the analyses. At large tanb values the decay branch
ing fractions and the production cross sections ofA or H with
bb̄ reach a plateau in the MSSM. Consequently the deter
nation of tanb in that range is less effective.

There are other processes by which tanb may also be
constrained:~i! Chargino pair production ine1e2 collisions
can provide good measurements on tanb for low tanb val-
ues@13,18#; ~ii ! t̃L2 t̃R mixing can be a sensitive probe o
tanb @14#; ~iii ! gaugino production ineg collisions may pro-
vide information on tanb @17#; ~iv! kinematical distributions
from the decay products of SUSY particles can be used
determine the tanb value @11#; ~v! the magnetic dipole mo-
ment of the muon may be useful for tanb*20 if slepton
massesml̃ &300 GeV @30#; ~vi! the branching fractions o
H,A→tt̄ may be useful to set a lower bound tanb*10
@10,31#. The alternative methods in~i!–~iv! probe either
sinb or cosb; thus the sensitivity to tanb is degraded at
high values of tanb. On the other hand, methods~v! and~vi!
are only effective for high values of tanb. In contrast, Higgs
n

FIG. 11. MSSM: Determination of tanb for
mA5400 GeV at As51 TeV. ~a! 95% C.L.
constraints on the tanb values for 100 fb21

~solid!, 200 fb21 ~dashes! and 500 fb21 ~dot-
ted!. ~b! Comparison for 95% C.L. constraints o
tanb for 100 fb21 of our result~solid! with that
obtained from Ref.@16# ~dot-dashed!.
2-7
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boson production processes under consideration and
tb̄H6 process discussed in Ref.@16# are direct probes o
tanb with the complementary constraints fromt t̄ and bb̄
final states at low and high values of tanb, respectively.

In summary, we studied heavy neutral Higgs boson p
duction in the minimal supersymmetric theories at a lin
collider with As50.521 TeV with the expected integrate

TABLE II. Constraints on values of tanb by 95% C.L. statisti-
cal measurement on the cross sections combining bothA and H
channels in the MSSM scenario; the results of Feng and M
shown here are estimated from the curves in Ref.@16# based on the

tb̄H6 process.

tanb This analysis Feng and Moroi

3 2.4,tanb,3.6 tanb,5.2
5 4.3,tanb,6.3 3.0,tanb,6.0

10 6.2,tanb,12.7 6.5,tanb
20 14,tanb,32 7.5,tanb,90
30 18,tanb,80 8.0,tanb
/33

n,

,
D

.

v.

e

for
e
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luminosities of 50–500 fb21. The cross sections have
strong dependence on the fundamental supersymmetry
rameter tanb, and thus provide a good way to determine
We considered the 4b and 4t final states which are sensitiv
and complementary in determining tanb. In the supergravity
scenario, the sensitivity is particularly good for tanb*10 in
comparison with other methods, reaching a 15% or be
determination in a 95% C.L. cross section measuremen
the general MSSM scenario, the interplay between theb
and 4t channels results in a good determination for tanb
&10 ~see Table II!. For higher values of tanb the sensitivity
is weakened. The accuracy of tanb determination is gener
ally sufficient to distinguish theories with a low value
(;2) from a high value (.30) and thus to provide informa
tion on testing certain GUTs scenarios.
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