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tan B determination from heavy Higgs boson production at linear colliders
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We study the production at futues e~ linear colliders of the heavy neutral Higgs bosdhsind A of the
minimal supersymmetric standard model in association with top and bottom quarks. The cross sections have a
strong dependence on the parameter@aand thus provide a good way to determine it. At a linear collider
with s=0.5-1 TeV and expected integrated luminosities, we find significant sensitivities for determining
tang. In the supergravity scenario, the sensitivity is particularly strong foptai0, reaching a 15% or better
measurement. In the general MSSM scenario, the interplay betweer thedd4 channels results in a good
determination for ta=< 10, while the sensitivity is weakened for higher values ofgan
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. INTRODUCTION tanB=1.8 andm,~120 GeV at tar8 =20[6].
Because of the significance of tanfor the theory and

One of the most promising avenues for physics beyonghenomenology of the MSSM, it is important to find pro-
the standard mode(SM) is supersymmetry(SUSY) [1], cesses in which taf can be best determined. Some regions
since it can provide a fundamental understanding of elecef the MSSM parameter space have been excluded at LEP2
troweak symmetry breakinEWSB) and it allows unifica- [7] due to the lower bound on the lightest Higgs boson mass
tion of the electroweak and strong interactions at a grandmy), particularly at low ta8 near 1. Much of the parameter
unified scalg/2]. Because of its great theoretical attraction, Space remains to be explored at the upgraded Tevg&h
extensive phenomenological work continues to explore théhe LHC [10-12, the future linear collider§13-1§ and
ways for discovery and precision study of supersymmetrignuon colliders[19]. The tan3 constraints that may be ob-
particles at present and future colliders. tgined fromm,, via radiative correction§6], or from pre_ci-

Most of these investigations are directed to the minimaSion electroweak measuremefig], or from SUSY particle
supersymmetric standard modéSSM), which has the production usually depend also on other SUSY parameters.
minimal new particle conterftl]. The MSSM contains two Furthermore, measurements of gior cos via other SUSY
Higgs doublets which develop vacuum expectation valyefrocesses W|th0ut. directly involving Higgs bosons do not
<H,>=v,/\2 and<H,>=v,/\2 that break the SU(2) accuratelly determine large t@gnvalues[17]. For general
xU(1) gauge symmetry spontaneoudlg]. There are 5 SUSY Higgs phenomenology, we refer the readers to re-

i i i views [21].
hysical Higgs bosons in the MSSM: twbP-even states . . .
gn)(;H aCI%?odd stateA, and two charged statds$”; the The Higgs couplings oH,A,H™ to heavy quarks are
lightest Higgs boson i&. given by
The ratiov,/v,=tanB is a critical parameter of the _ —gm, ~ gm
MSSM: It characterizes the relative fraction that the two Att: cotBys Abb: I By 0
Higgs doublets contribute to the EWSB, and it enters all 2my 2myy

sectors of the theory. The interactions of both the SUSY

particles and the Higgs bosons depend ongamand the —igmsina igm

relations of SUSY particle masses to the soft symmetry Htt: 2my sinBN 2my cotp

breaking parameters of supersymmetry involvegdi3]. A

measurement of tah .from one sector will thereby alllow. — —igmycosa —igm,

predictions or tests in other sectors. The renormalization Hbb: ~ tang (2
2my, cosfB 2myy

group evolution of the Yukawa couplings from the unifica-
tion scale to the electroweak scale are sensitive to the value

of tanB. The large top quark mass can naturally be explained s 19V

with my—m_ unification as a quasi-infrared fixed point of the H tb'z\/imw[(mb tang+m cot)

top Yukawa coupling if taB=1.8 or tan3=56 [4]. The

possibility of S@10) Yukawa unification requires the high +(m, tanB—m; cotB) ys], ©)

tang solution[5]. The predicted mass of the lightest SUSY

Higgs boson also depends on @nwith m,~105 GeV at Where the decoupling limiM,>M; has been assumed for
the approximate forms dfitt,Hbb. In this limit, the lightest
Higgs bosorh becomes SM-like and its couplings are insen-
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"Email address: than@egret.physics.wisc.edu tangB is essentially the unique parameter for Higgs-heavy
*Email address: jlang@pheno.physics.wisc.edu quark couplings. This suggests that studies of the associated
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production of the Higgs bosons and heavy quarks may effec- TABLE |. ISAJET output parameters.
tively probe the ta parameter.
Heavy Higgs boson production at futuese™ colliders @ my my my= mo u Mg My Mp Ay Ap
V‘i%s d'sﬁusfeg m RefL5) '”ta '];eczmtsmqy.':eng.and+M9r°' 3 434 438 105 56 315 360 265 411330 —693
[16] evaluated the prospects for determining gaim e*e 373 373 110 57 274 359 272 406370 —689

gg!lssg;ns with s=0.5 and 1 TeV c.m. energy via the pro- 30 273 273 112 59 264 337 276 364354 —581

+ A hH— ThHT
e’e —Zh,AH.tbH and tbH". “) troweak symmetry breakindEWSB), we relate the soft

SUSY breaking parameters to the common scalar, fermion
and trilinear parametensy,, m,,, andA, at the grand uni-
fed scale. For specific choices of tarthe results depend on
the sign ofu. The u>0 sign is less constrained ky— sy

The primary channel in their study involves th tb cou-
pling. They found that the strong dependence of heavy Higg
branching fractions on tg allows stringent constraints to
be placed for moderate t#h[16] in the MSSM. In the dfecay[22] and we adopt this convention in our analysis.
present paper, we report results of a complementary study o

; . . We make use of thesAJET packagd 23] to determine the
the akssomated production of a neutral Higgs boson and hea\@’USY masses and couplings from the grand unified theory
quarks

(GUT) scale input parameters. The Higgs boson mass eigen-
e"e  -HIt,Hbb Att, and Abb. 5) values are among the outp_uts of this program. These values
agree with the corresponding results from the code of Ref.

L= — . [24] to a precision =0.3%. The soft-supersymmetry-
These processes involve andbb production separately and breaking parameters are evolved according to renormaliza-

are thereby expected to be comple.me.ntary for low and higﬂon group(RG) equationg4,25,24. For our illustrations we
values of tarB. We study the sensitivity to probe tgnin make the parameter choicem,=250 GeV, m
two scenarios: the minimal supergravity mo@SUGRA)  _ -0 ey Ag=—300 GeV alor:)g with the posilt/iz;/e

and the MSSM. . sign of u. The magnitude ofu is fixed in terms ofM

%rough the radiately generated EWSB. For three representa-

decay branching fractions and the cross sections for the ags ) X
; : . Tive tang values, the mass eigenvalues of Higgs bosons and
sociated production of the Higgs bosons and heavy quarks i USY soft-breaking terms are listed in Table |. For chargi-

Sec. Il. We analyze the sensitivity to determine the value of os and neutralinos, we list only the masses of the lightest

tanB at future linear colliders in Sec. Ill. We discuss our : !
results, make some general remarks and conclude in Sec gnes: In fact, our c_h0|ce of_the above parameters Is some-
' " “What conservative in exploring the SUSY Higgs sector. A
large m, results in heaviH,A,H ™. Consequently it leads to
ll. NEUTRAL HIGGS PRODUCTION the “decoupling limit” [27] so that the lightest Higgs boson
A. Input parameters h becomes SM-like and thus insensitive to the SUSY param-

. . . eters.
In MSSM at tree level, the inpute parameters in the Higgs

sector aran, and tarB. In a general analysis including ra-

o . . 2. MSSM
diative corrections the parameters required are

We also perform the same study in the MSSM scenario,

Mg, My, mp, Mg, My, Ay, Ap and u, in which tanB as well as the masses of the Higgs bosons

(6) (determined bym,) are all free parameters to explore. The

wheremg is the soft SUSY breaking mass parameter of Ieft-ChOICe of other input parameters is as follows:

handed stogwhere only the heavy third generation param-

eters are relevaptmy(mp) the SUSY breaking mass param- ~ ©#=272 GeV, mgy=356 GeV, my=273 GeV,

eter of right-handed top squatkottom squark M,M, the (7)

gaugino masse#\y(Ap) the top squark trilinear soft break-

ing term, andu the Higgs mixing parameter. The large pa- m =400 GeV, A,=-369 GeV, Ap=-672 GeV

rameter space involved makes phenomenological studies dif- %)

ficult. On the other hand, once a precision measurement is

made in the Higgs sector in future collider experiments, we

would expect to learn more about the SUSY sector due to theMy==111 GeV, m,0=59 GeV. ©)

radiative relations among the physical SUSY masses. Instead

of exploring the large space of the MSSM soft parametersThese soft SUSY breaking parameters are similar to

we focus on the following two scenarios for illustration. M SUGRA parameters with tgB~15. In particular we
study two cases withmy,=200 GeV and 400 GeV, while

1. MSUGRA my is nearly degenerate wittn,. These choices represent

Motivated by the minimal supergravitYyM SUGRA)  the kinematical situations fok,H to be below and above
model and the requirements of radiatively generated elechreshold.
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B. Branching fractions case ofm,=400 GeV, the corresponding branching frac-

We use the program provided in R¢R4] for obtaining  tions are shown. in Fig.. 3. We see that Figs. 1 and 3 are alike
the branching fractions for the Higgs boson decay. In thiglue to similar kinematical thresholds.
program all kinematically allowed decay channels in MSSM
are included and RG improved values of Higgs boson masses C. Cross sections and final state signature
?nnednf:dupllngs with the main NLO correctiof] are imple- As a representative example of the processes in(‘Bg.

In Fig. 1 we plot the branching fraction of the decdgs  the tree-level Feynman diagrams fere” —Htt are shown
for A and (b) for H versus tag in M SUGRA. As tan3 in Fig. 4. For the other processes, we simply need to replace
increases, the branching fractionsdandH decay intott ~ H with A, or/andtt with bb. The last diagram in Fig. 4
drop rapidly and the decays intob increase dramatically. |nvoIV|_ng the_ZZH coupling is unique to the process_whlch
The branching fractions into chargino and neutralino paird’@sH in the final state. We have included both the diagrams
peak at intermediate values t8r-5 and can be as large as of Higgs radiation off a heavy quarld¢t) and Higgs decay
30%. Branching fractions dfi decay intohh andWW are  (HA—Htt). QCD corrections to these processes have been
also shown in Fig. () for comparison. With this strong recently calculated28] and found to be moderate at the en-
dependence of the branching fractions ongamwe expect ergies of current interest. It is important to note that the
neutral Higgs production channels to be useful in determin(A) decay processes are sensitive togaonly when the
ing the value of t?'ﬁ' In parn_cular, Itis Interesting to note branching fractions vary rapidly. Thel,A—bb branching
the complementarity betweeh andbb modes for small and  fractions gradually approach unity at large fanand the
large values of tag. dependence on tghis thus reduced here. On the other hand,

_In the MSSM scenario, for the case of,=200 GeV, diagrams withH(A) radiation off a heavy quark typically

Fig. 2 shows the branching fraction of the decay#@idH  have a quadratic dependence on farand are thus quite
versus tarB. Note that thett channel is not open. For the sensitive to tars.

1000 |IIII TTTT TTTT T = 1000 :I | TTTT TTTT T =
0.500 bb — 0500 F bb -
?(OXO 1 7]
0.100 ------------- SR =3 0.100 _—:
E : T 3 ) TT 3
0.050 — 0.050 [+ — ) . )
i R ] ; i FIG. 2. MSSM: Leading branching fractions
M L 4 4 of decays withm,=200 GeV(a) of A and(b) of
H versus targ.
0.010 — 0.010 —3
0.005 [— — 0.005 —
r (a) A 1 (b) H 1
0001 1 | 1111 | 111 | 1111 | 111 | 1111 0001 1 1 1111 | 1111 | 1111 | 1111 | 1111
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Figure 5 shows the calculated total cross sections of theang but at high ta8, e*e”—bbbb becomes dominant
processese"e” —A(H)tt,A(H)bb versus the center of because of the (tg8)* enhancement. For intermediate val-
mass energy ((s) for tang=3 and 30 in the MSUGRA ues of tanB~5, the SUSY decay modes, such AsH
scenario. The cross sections #bb,Att can be typically of —x*x~ andx°x° can be more important. We show in Fig.
0.1-10 fb for this range of taf at linear collider energies 7(a) the total cross sections as=1 TeV versus tag in-
of 0.5—-2 TeV. The maximum rate is reached at a c.m. energgluding the different final states. The complementarity of the
about 300 GeV or so above thett threshold. Note the dif- three final states in different range of t@rcan be seen in
ferent mass thresholds in this figure for the two values ofhis figure. Figure @) again shows the contribution of these
tan, as given by the masses in Table |. For the heavy Higgéinal states for tag values where they are most important:
bosons under consideration, we concentrate on a collider e#b for tans=30, bby™ x*, or bby°x° for tang=10, and
ergy Vs~1 TeV. We plot the cross sections versusaim 4t for tan3=3. The 4 standard model background is also
Fig. 6(a) in the M SUGRA scenario. At low ta@ the asso- shown by the dot-dashed curve.
ciated production oA with tt is dominant but this channelis  In the MSSM scenario, similar curves for thé dand %
greatly suppressed at large f@rvalues. On the other hand, final state signals are shown in Fig. 8 for two cases:
the production ofA in association withbb is small at low ~~200 GeV at Js=05 TeV andm,=400 GeV at+/s
tan and increases rapidly with tgh Figure b) shows the ~ 1 TeVv.
cross sections similar to Fig(#® but in the MSSM scenario
for casesm,=200 GeV at\s=500 GeV (solid) and 400 D. Background
GeV ati§= 1 TeV (dashes The associated production of  The most robust channelbpbb andtttt, from neutral
H with tt or bb has similar characteristics # production. Higgs production have rather small SM backgrounds. The

Concerning the final state signature with th¢H) de- g\ expectation fore* e —bbbb production is shown in
cays, we notice that at low tg) both the production cross g 7). The cross section decreases with increasfags
section forAtt (Htt) and the branching fraction fok(H) (11\/s)2. At \Js=1 TeV, the 4 background is only 0.1 fb,
decay intott are large as a result of the typical (@f much smaller than the signal rate at large farThe SM

enhancement. Thee™ —tttt signal is dominant at low cross section fore"e —tttt is smaller than 10° fb at

et t et ~ H
Yz N
S~ H t
e T T FIG. 4. Feynman diagrams contributing to
ete”—Htt. The diagrams foe*e™—Att are
ot t similar, except that the last diagram above is ab-
sent.
VL
// H
e t T
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Js=1 TeV and thus is negligible. The SMbbackground regard the results of our analyses to be conservative.

at 500 GeV is about 3.7 fb. We take this background into We consider a/s=1 TeV collider with three integrated
consideration when we calculate the limits afs  luminosities of 50, 100 and 500 fb. After applying the
=500 GeV. Since the SM backgrounds are small relative t@eometrical cut

the signals of interest, we do not need to impose sophisti-

cated kinematical cuts and the signal rates are thereby better cog 6,)<0.9 (10
preserved. The final states involving the gauginos may have

rather large SM backgrounds frobrb,tt, gauge boson pro- to the 4 signals, the total cross section is reduced to 23%,

duction. We neglect those channels in our evaluation. which we take as the geometrical efficiency. Because of the
low background cross section, we only need low purity of
ll. ANALYSES AND RESULTS b-tagging; we assume latagging efficiency e,~65% [29].

As th ter tag i ied f Il to int di Since b-quark flavors are conserved in the production pro-
st tso Iaer pear\?;]ueegr tﬁ Igovn?ir:]eantrarin ssmg n(;lmcgrrnrgi ;;0 cess, we can relax the requirement to tag only thrgearks,

9 o 99s sl9 . s is a standard practice. Then the efficiency of detecting 3
the three channeldttt, bbyy, bbbb, respectively. in 5 4n sample is 42— 3¢!~56%. For the 4 channel, al-
Since the sizes of the signal cross sections depend sensnlve[Il;(OUQh the event kinematics would be more involved. the
on tang, a determination of tag should be possible gistinctive event topology compared to the SM multi-jet
throughout targ ranges where there are substantial signalyackgrounds should allow a clear signal separation. None-
event rates. In our analyses, we employtitte signal at low  theless, we still require the identification of at least thibee

tanp and thebbbb signal at large tag. For the intermedi- quarks. At a given tap value, we multiply the total cross
ate targ values, we combine these two channels. We do nosection of 4 or 4b channel with the geometrical efficiency,
include the channels with gaugino final state in our considihe b-tagging efficiency, and the integrated luminosity to get
eration since the signatures would depend upon other SUSthe signal event ratils. The statistical standard deviation is
parameters such as the slepton and squark masses. We thus Ns. In the presence of SM backgrounds, we similarly

:I | TTTT | TTTT | TTTT | TTTT | TTT I: :I T | TTTT | TTTT | TTTT | TTTT | TTT I:
- (a) mSUGRA 1 - (b) MSSM 1
1ol — ABD (200 GeV) |
:-\ ] AbBD - ; ) ) )
e P FIG. 6. Total Higgs production cross sections
< 10 E 3 3 for efe”—Att and Abb versus taB (a) in
° - C . VAN . M SUGRA at\s=1 TeV and(b) in MSSM for
] L/ ] m,=200 GeV aty/s=500 GeV (solid) and for
10-1 Jio-1 L _ m,=400 GeV atys=1 TeV (dashes
- \\\ E _:"I AN . E
- . . i .
10—2 1 | 1111 | 1111 | 1111 | 1 I\f\l | 1111 10—2 11 | 1111 | 1111 |I 111 |I L1 I\LLI 11
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determine the background event ridg. We then take the are shown versus tgh We find encouraging results for the
conservative estimate for the signal fluctuation tanB determination. For instance, with a luminosity of 100
fb~1, |A tang|~3 or better can be reached at the low value
o= \Ng+Ng. (1) of tanB, mainly via the 4 channel. At the high value of

_ . tang, |A tanB|~5 can be reached, mainly via thé 4¢han-
For a 95% confidence levelC.L.) cross section measure- ne| which is better than 15% accuracy. The slightly more
ment, the range for the number of events is taken tdNBe (jfficult region is tand~6— 7, where the # and 4 chan-
+1.960. The corresponding bounds on the signal cross sege|s both yield smaller contributions. We expect that the in-
tions can be translated into allowed rangetang given by  clusion of the chargino channels would improve the determi-
nation. Nevertheless, a good determination has been seen for
Atang=tang. —tanp, (12} the whole targ range of interest.

) ] ) ) We next consider the MSSM Scenario. For the case with
where targ is determined fronNg and tarB.. is determined mA=200 GeV, theA,H—»tt_decay channel is closed and
from Ns* 1.96/Ns + Ng. _ we only make use of the processes withi4 the final state.

We f|rs_t conS|d§r the M SUG_RA scenario at ¢ With the lower Higgs boson masses, it is sufficient to con-
=1 TeV linear collider. We combine both andH chan- o 5 jinear collider withy/s=500 GeV. The 95% C.L.

nels. In Fig. 9, the 95% C.L. constraints dntang for . L T
- . - - constraints on the tgf determination are show in Fig.
50 fb™* (solid), 100 fb* (dashepand 500 fb* (dotted 75 100 fiyL (solid),agoo ! (dashesand 500 fblg(d((])?

ted. In Fig. 10b) we compare our result for 100 b

TT TTTT TTTT TTTT TTTT TTTT
- | | | | N (solid) with that obtained by Feng and Moréilot-dasheq
- 4b (m,=200 GeV) - [16] and they are comparable. For the case wif
10! 3
E E 10 _IIII|IIII|IIII|IIII|IIII|IIII|IIII| T T T T I LI I_
C 4b (m,=400 GeV) ] i
—\\ ’,—f"‘-_‘ — :
& 100 pa 7 =
= \\ /// E
A /
NS :
\I\l
10~1 N —
: ”I \\\ E |
: ,’ \\ : B i
] \ - .
L ’l \\ - | _
10_2 ""|""|'\'"|""|""|"" _10_1lII|IlII|lIIlIIIlIIIlIIlIlIIIlIIlI TR B T l L]
5 10 15 20 25 30 3 5 7 10 20 30
tang tang
FIG. 8. MSSM: Total cross sections witht 4nd 4 final states FIG. 9. M SUGRA: Determination of taf at ys=1 TeV com-

including A,H decays versus tagB. The solid curve is form, bining bothA andH channels; 95% C.L. constraints on the fan
=200 GeV at/s=500 GeV; the dashes are for,=400 GeV at values are shown for 50 T (solid), 100 fb-! (dashes and
Vs=1 TeV. 500 fb ! (dotted.
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=400 GeV, the constraints on t@ghvalues are shown in accurate determinations of tgnin M SUGRA (Fig. 9), for
Fig. 11, similar to the previous figure. Since thiechannel is  high values in particular. In contrast, for the MSSM scenario
available in this case, the determination at low fais sig-  the masses of andH are independent of tag8, and are kept
nificantly improved. For most values of t@ in particular  fixed in the analyses. At large tghvalues the decay branch-
higher values, we get more stringent constraints than the reng fractions and the production cross sectionéof H with

sults in[16], indicating the potential of better determination " reach a plateau in the MSSM. Consequently the determi-
on tang via the neutraH and A channels under consider- ation of tang in that range is less effective.

ation. We list our tarB constraints in Table Il based on @  There are other processes by which gamay also be
100 fb ! integrated luminosity and compare with the Va'“esconstrained(i) Chargino pair production ie*e~ collisions

that we estimate from the results by Feng and M@d], 41 provide good measurements on fafor low tang val-
where a different statistical procedure pf was adopted. %es[13 18; (i) 7,— 7 mixing can be a sensitive probe of
r 1 1

The results are largely comparable, but our constraints atanB [14]: (iii) gatgino production iey collisions may pro-

;?)rg]ae&/;//hsé;‘g?;eéigeslgé?malIy for higher values of faas vide information on taB [17]; (iv) kinematical distributions
e from the decay products of SUSY particles can be used to
determine the tap value[11]; (v) the magnetic dipole mo-
ment of the muon may be useful for t&e 20 if slepton
For the M SUGRA scenario, tah is essentially the only Massesmj=300 GeV[30]; (vi) the branching fractions of
variable after fixing the other soft SUSY breaking param-H,A— 77 may be useful to set a lower bound 8= 10
eters. The masses of thB A Higgs bosons decrease as gan [10,31. The alternative methods iGi)—(iv) probe either
increases. Thus the corresponding Higgs branching fractior&in 8 or cosg; thus the sensitivity to taf is degraded at
and the production cross sections at a given energy increasigh values of taj8. On the other hand, metho@s and(vi)
with tangB, especially for large values. This leads to possibleare only effective for high values of tgh In contrast, Higgs

IV. DISCUSSION AND CONCLUSION

20 20
10 I 10 -
- B 7 FIG. 11. MSSM: Determination of tg8 for
« [ ] i ] m,=400 GeV ats=1 TeV. (a) 95% C.L.
Sopmm — 0= ] constraints on the taf values for 100 fb*!
a r T . A . (solid), 200 fb ! (dashes and 500 fb' (dot-
i . i = ] ted). (b) Comparison for 95% C.L. constraints on
L J L i tang for 100 fb ! of our result(solid) with that
-10— —-10— obtained from Ref[16] (dot-dasheyd
- - - '\»\l_
—-20 -'-'-'-'J""""'l"“LmL"l[""L'”I—‘—'—‘—‘J—'—'-'—'- —-20 —'—'—'—'J""""'l"'LLLL“LL“lL”‘Lul—'—'—'—'J—'—'-'—'-
3 5 7 10 20 30 3 5 7 10 20 30
tang tang
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TABLE II. Constraints on values of taﬁl by 95% C.L. statisti- luminosities of 50—-500 f‘bl‘ The cross sections have a
cal measu_rement on the cross sections combining Bo#md H strong dependence on the fundamental supersymmetry pa-
channels in the MSSM scenario; the results of Feng and Morojameter targ, and thus provide a good way to determine it.
shown here are estimated from the curves in Re] based on the e considered theltand 4 final states which are sensitive
tbH™ process. and complementary in determining t&nin the supergravity
scenario, the sensitivity is particularly good for 18& 10 in

tanp This analysis Feng and Moroi comparison with other methods, reaching a 15% or better
3 2.4<tanB<3.6 tang<5.2 determination in a 95% C.L. cross section measurement. In
5 4.3<tan<6.3 3.0<tanB<6.0 the general MSSM scenario, the interplay between the 4
10 6.2<tanB<12.7 6.5<tan3 and 4 channels result; in a good determination fgrﬁan
20 14<tanp<32 7.5<tanB< 90 =10 (see Table I For higher values of tad the sensitivity
30 18<tan<80 8.0<tang is weakened. The accuracy of t@rdetermination 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.
boson production processes under consideration and the

thH* process discussed in Rdfl6] are direct _probes of

tanB with the complementary constraints froth and bb
final states at low and high values of t@nrespectively. We thank J. Feng and C. Kao for valuable discussions.

In summary, we studied heavy neutral Higgs boson proThis work was supported in part by a DOE Grant No. DE-
duction in the minimal supersymmetric theories at a linealFG02-95ER40896 and in part by the Wisconsin Alumni Re-
collider with \'s=0.5-1 TeV with the expected integrated search Foundation.
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