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Detection of neutral MSSM Higgs bosons at CERN LEP-II and NLC
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We study the possibility of detecting the neutral Higgs bosons predicted in the minimal supersymmetric
standard modeliC®,H% A%, with the reaction®*e™ —bbh®(H? A, using the helicity formalism. We ana-
lyze the region of parameter spaga—tan) whereh®(H? A% could be detected in the limit when t@n
is large. The numerical computation is done for the energy which is expected to be available at CERN LEP-II
(/s=200 GeV and for a possible Next Linea'e~ Collider (ys=500 GeV). [S0556-282(99)00709-3

PACS numbd(s): 14.80.Cp, 12.60.Jv

. INTRODUCTION areete”—Z* -h% H%+2° ete —Z* -h%H°+A°, and

ete - vr+W*W * = pp+hO HO (the latter is conven-
The Higgs sector is one of the most important areas of thgonally referred to asVW fusion); precise cross section for-
standard mode(SM) that has not been tested )éfl. The  mylas appear in Ref6]. There is considerable complemen-
SM contains only one neutral Higgs boson and although itﬁarity among the first four processes, and vV fusion
detection would give more validity to the SM, there are SOMEyrocesses are also complementary to one another and to the

theoretical problems that suggest the need for new physicgyst four. If myo=m,o, so that co§B—e) is small, then
One of the more attractive extensions of the SM is supersymyz _, 1070 7* _,lHOA0 andWW—h° are all maximal, and

metry (SUSY) [2], mainly because of its capacity to solve the other three are small.
the naturalness and hierarchy problems while keeping the |, particular, anh® with myo~m,o could be seen at

Higgs bosons elementary. _ LEP-II provided thatys=200 GeV with £~500 pb* [7]
The minimal supersymmetric extension _of the standarq:an be achieved, and that efficiantagging is possibl8].
model(MSSM) doubles the spectrum of particles of the SM But, if the h® were not discovered at this energy, pushing

and the new free parameters obey simple relations. The scgy, _ . o
) ; _ owly to \/s=240 GeV would rapidly open up the possibil-
lar sector of the MSSNI3] requires two Higgs doublets; thus ity for h® detection in the regions of parameters space corre-

the remaining scalar spectrum contains the following physi- . .
. . sponding to the higher values bf; and tar8. Of course, the
cal states: twoCP-even Higgs scalarh® and H®) with P J 9 ! B

. ability of LEP-II to detecth® is also strongly dependent upon

mpo<myo, one CP-odd Higgs scalar A°), and a charged y . gly dep P

; e : : the actualy/s that can be achieved and upon the unknown
Higgs pair H™), whose detection would be a clear signal of N

. ) X . value of M7 (and to a lesser degree on the parameters that

new physics. The Higgs sector is specified at the tree level bg . O )

L . ntrol squark mixing which in this paper will be neglected
fixing two parameters, which can be chosen as the mass %fi)nce radiative corrections make possible to haw
the pseudoscalamn,o and the ratio of vacuum expectation - it that had liid b il be al 'ﬁbdt
values of the two doublets tg@8+=v,/v,, then the mase,p, mzo, It S€€MS that hadron cofliders Wit be aiso required to

myo, and my= and the mixing angle of the neutral Higgs fully teStghoe Higgs sector of the MSS&D]' .

sectora can be fixed. However, since radiative corrections, 1€ Z_h" production cross section contains an overall
produce substantial effects on the predictions of the moddRCtor sif(6—a) which suppress it in certain parameter re-
[4], it is necessary to specify also the squark masses, whicHOnS (with myo<100 GeV and tag large); fortunately the
are assumed to be degenerated. In this paper, we focus on theh~ Production cross sectlorg %ontalnsotrg)e complementary
phenomenology of the neutr&iP-even andC P-odd scalars  factor co$(8—a). Hence thez’h® and A°h® channels to-

(hO,HO,A%). gether are well suited to cover all regions in thmaf

The search for these scalars has begun at the CERN —tanoﬂ)o plane, provided that the c.m. energy is high enough
collider LEP, and the current low-energy bound on theirfor Z°h” to be produced through the whate,o mass range,
masses givesn,o, Mao>75 GeV for tand>1 [5]. Atete~  and that an adequate event rate can be achieved. These con-

colliders the signals for Higgs bosons are relatively clean anditions are already shown to be satisfied] for s=500

the opportunities for discovery and detailed study will beGeV with assumed luminosity 10 f, as is expected to be

excellent. The most important processes for the productiofhe case of the Next Linea" e~ Collider (NLC).

and detection of the neutral Higgs bosdifs H°, and A°, In previous studies, the two body processeSe"
—hO(H% +2Z% and e*e”—h°(H% + A° have been evalu-
ated[6] extensively. However, the inclusion of three-body

*Permanent address: Centro de Investigagide Estudios Avan- procese*e”—h%(H% +bb ande*e”—A%+bb at LEP-II
zados del Instituto Politmico Nacional, Apartado Postal 14-740, and NLC energies is necessary in order to know its impact
07000 Meico, D.F. Mexico. on the two body mode processes and also to search for new
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b In the case of the hadron colliders the three-body diagrams
€ . € e come from gluon fusion and this fact makes the contribution
g WP T h from these diagrams more important, due to the gluon abun-
dance inside the hadrons. The advantage for the case of
(a) b (b) b e"e” colliders is that the signals of the processes are
cleaner.

This paper is organized as follows. We present in Sec. I

b
the relevant details of the calculati_ons. Section Il contains
b the results for the process"e”—bbh®(H% A% at LEP-II
N
N

é /40 e 70 . . .
ol N and NLC. Finally, Sec. IV contains our conclusions.
z° N 20
h°\ " Il. HELICITY AMPLITUDE FOR NEUTRAL HIGGS
© (d) BOSONS PRODUCTION

When the number of Feynman diagrams is increased, the
calculation of the amplitude is a rather unpleasant task. Some

€ g o algebraic formdg19] can be used in it to avoid manual cal-
o NG ™~ m culation, but sometimes the lengthy printed output from the
computer is overwhelming, and one can hardly find the re-
©) b " b quired results from it. The CALKUL Collaboratidr20] sug-

gested the helicity amplitude methddAM) which can sim-
plify the calculation remarkably and hence make the manual
calculation realistic.

In this section we discuss the evaluation of the amplitudes

at the tree level foete™ —bbh®(H% A% using the HAM

) . _ [11-17. This method is a powerful technique for computing

relations that could have a cleaner signature of the Higgpelicity amplitudes for multiparticle processes involving

boson production. massless spin-1/2 and spin-1 particles. Generalization of this
In the present paper we study the production of SUSYmethod that incorporates massive spin-1/2 and spin-1 par-

Higgs bosons a¢ e~ colliders. We are interested in finding ticles, are given in Ref17]. This algebra is easy to program

regions that could allow the detection of the SUSY Higgsand more efficient than computing the Dirac algebra.

bosons for the set parameter spaog(—tang). We shall A Higgs bosonh®, H°, andA° can be produced in scat-

discuss the neutral Higgs boson productish®(H® A% in  teringe® e~ via the following processes:

the energy range of LEP-II and NLC for large values of the

FIG. 1. Feynman diagrams at the tree level &~ —bbh°.

For e*e”—bbH® one has to make only the change airtosg
—C0SalcosB.

parameter ta, where one expects to have high production. ete” —bbh?, (1)
Since the couplindi®bb is proportional to sim/cosp, the
cross section will receive a large enhancement factor when ete”—bbHO, )

tanp is large. A similar situation occurs f¢1°, whose cou-
pling with bb is proportional to coa/cosg. The coupling of
A% with bb is directly proportional to tag, thus the ampli-

tude will always grow with tajg. We consider the complete 4o diagrams of Feynman, which contribute at the tree
set of I_:eynman diagrams at the tlree level and use the heI'C'%vel to the different reaction mechanisms are depicted in
formallsm[l;—lﬂ for the evaluation of the amplitudes. The Figs. 1 and 2. Using the Feynman rules given by the minimal
re_sults obtaln_ed for the three-body Processes are comparg persymmetric standard modMSSM), as are summarized

with the dominant mode two-body reactions for the plangj, pof [6], we can write the amplitudes for these reactions.

(mpo—tan). Succinctly, our aim in this work is to analyze For the evaluation of the ampli
. gy plitudes we have used the
how much the results of the Bjorken Mechanifirig. 1(d)] spinor-helicity technique of Xu, Zhang, and Chaftg]

would be enhanced by the contribution from the diagramixzc) which is a modification of the techni
. . ) X ; que developed by
depicted in Figs. ®&)-1(c), 1(e), and_ if), in which the the CALKUL Collaboration[20]. Following XZC, we intro-

SUSY Higgs boson is radiated bytgb) quark. duce a very useful notation for the calculation of the pro-
Recently, it has been shown that for large values of3an cesseg1)—(3).

the detection of SUSY Higgs bosons is possible at Fermilab
and the CERN Large Hadron Collid¢étHC) [18]. In the — — 5
papers cited in Ref[18] the authors calculated the corre- A. Casesbbh™ and bbH

sponding three-body diagrams for hadron collisions. They Let us consider the process

pointed out the importance of a large bottom Yukawa cou- -

pling at hadron colliders and showed that the Tevatron col- e (p;)+e*(p,)—b(k,)+b(ks)+h(k;), h=hoH°
lider may be a good place for detecting SUSY Higgs bosons. 4

e*e” —DbbAD. (3)
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; . ; gmye?Q.Qy, sina/2M,y cosp, h=ho,
N o >vax o Co= — gm,e?Q.Qy cosa/2My, cospB, h=H?,
ZD ZO
> 3 while the propagators are
(a) {b)
B b
P20p(S13) = ——,
(kq+k3)?
b
e Poou(s) 1
NPENPEN ~ 0e(S) = ,
Zo\f\'< 5 /\/ v< ze (S—Mio_iMzorzo)
© P20p(S12)
Z0p\S12) = T,
. (kq+kp)?
é _ é N PR 1
>A\j\/7v >®f\_§\/ A Phb(523): : — , hZhO,HO,AO,
[(katkg)"—=Mp—iMpI'y]
5 (7)
(e) M
FIG. 2. Feynman diagrams at the tree leveldde™ — bbAP. P,op(Sp3) = 12 ,
[(k2+k3)2_MZo_iMzorzo]
which the helicity_ amplitude is denoted by
M[x(e*),N(e7),N(b),\(b)]. The Feynman diagrams for  Pyb(S13)=Pz0y(S13),
this process are shown in Fig. 1. From this figure it follows
that the amplitudes that correspond to each graph are P_(s)= 1
yel>) = g
M= —1C1Pz0p(S13) P7oe( S)TgoszoeM )
_ P b(S12) = Pz0n(S12),
Mp=—1C,P204(517) P20¢(S) Tho, T 206, » .
and the corresponding tensors are
Mz=—iC3Pa0p(S23) P70e(S) Tho, T20e,, » 5
T ICPaEI P Tan T Thoy=u(ky) (3 by y9) (ks + Koo (Ks),
M 4=iC 4P 70,(S23) P70e(S) Tho, T 206, » _
¢ e ze 2% 2w TZOe,u:U(pz)?’,u.(ae_ be‘)/S)u(pl)i
M= —1C5P (519 P1e(S) T4 T yeu »
! SO Thop=U(K2) (Ky k) ¥*(ap—bpys)v (Ks),
Meg=—1CeP 15(S12P1e(S) T4 T yeu »
Thop= =u(ky) ys(ka+ks—ky) v (Ka), (8
where
B —
[9 my, sina/32M, cos'6y, cos8,  h=h°, Tzop= k2 (@5 =By y5)u ks,
—nyo —
g°m,, cosa/32M, coS 6y, cos8, h=H?, Th = U(ky) 7 (K + K)o (Ky),
g°m, sina/32M, cos 6, cosB, h=hO, T T(02)yol(po)
0= =p ,
—g°m, cosa/32M, cog 6y, cos,;3, h=H?O, you =0 (P2) Y, P
B 7
g®m, tanB cog B— @)/16My cofby,, h=h", Thp=u(ka) (k1 +Kz) y*v (K3).
-9 3my tanB sin(8— a)/16M, cog 6y, h=HC, In fact, we rearrange the tensdrss in such a way that
they become appropriate to a computer program. Then, fol-
9°Myosin(B—a)l4cosby, h=h°, lowing the rules from helicity calculus formalisfil—17
=] 4°M o cog B— a)l4 coSay,, h=HO, (6)  and using identities of the type
[9Me*Q.Qy sinal2My cosp,  h=H, {Un(P1) Y*Ur(P2)} 7, = 2Ur(P2)Ur(P2)
—gmye’QcQy, cosa/2My cosp,  h=H?, +2U 5 (PDU-A (P2, (9)
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which is in fact the so called Chisholm identity, and Ms(+,+)=Fss(ky,k)t(Ky,p1)s(p2.Ks),
p=Uux(P)Ux(P) +U_,(P)u_,(p), (10 Ms(+,=)=Fss(ky k)t(ky,p2)s(py,Ka),

. L — (16)
deflned_as a sum of the two projectiong(p)u,(p) and Mg(—,+)=Fst(Kyp,ky)s(Ky,p)t(py,Ks),
u_x(P)u_x(p)- _

The spinor products are given by Ms(—,—)=Fst(ky,ky)s(ky,p)t(p2.Ka),

s(pi, P =U(P)U_(p)=—5(p;.p)),
o Me(+,+)=Fes(ka,p2)t(p1,K1)s(ky,ks),
t(pi ) =u—(pi)u-(pj) =[s(p;.pi)]*.
o R o (11) Mg(+,—)=Fgs(ky,p1)t(pz.k)s(ky Ks),
(17)
Using Eqgs.(9)—(11), which are proved in Ref17], we can Mg(—,+)=Fgt(ky,p1)s(pa,ki)t(kq,Kks),
reduce many amplitudes to expressions involving only spinor
products. Mg(—,—)=Fgt(Kz,p2)s(p1,K1)t(Ky,Ks),

Evaluating the tensor products of E&) for each combi-
nation of (\,\") with A\,\’==*1 one obtains the following Wwhere
expressions: .

F1=—2iC1Pz0p(S13) P70e(S),
My (+,+)=F1f] "s(ka,p)t(p1.Ke)s(ky k), .
Fo=—2iC,P70,(S12) P70e(S),
My(+,=)=F1f 7s(ky,p0)t(p2,ky)s(ky k), .
(12 F3= —1C3Ppp(S23) P2oe(S),
My(—=,+)=F1f " t(ky,p1)s(pa,ky)t(ky Ka), , (18
F4=2iC4Pz04(S23) Pz0e(S),
My(=,—)=F1f t(ka,p2)s(ps,ky)t(ky,Ks), .
Fs=—2iC5P (513 P e(S),
My(+,+)=F,f 3 t(ky,kq)S(ky, p2)t(py,Ks), Fo=—2iC6P,n(512)P,e(S),
_ d
My(+,=)=F,f 5 t(ky,kq)s(ky, pp)t(pa,Ks), an
(13 b= =1]"=(a,~bp)(ac—b
Ma(—,+)=F,f5 " s(ky ky)t(ky,p1)S(P2.Ka), 1 =f =t = (@ hy) (@),
+’7: +’7: T = —
Ma(—=,=)=Faf;s(ka,k)t(ky,p2)s(p1,Ks), f f2 fa (8= by)(3c*be).
7’+: 7'+': 7'+: —
/\/ls(+,+)=Faf::‘r'th(kz,ks)[S(pzykz)t(kz,pl) fa f2 fa (aptbp)(ac—be), 9
+5(p2,ka)t(Ks,p1) —s(p2,K1)t(ky,p1) ], fo =t =1, =(ap+bp)(actbe),
Ma(+,=)=Faf3 "t(ky,ks)[t(P2,K2)S(kz,P1) fg'"=f3"=(a.be),
+t(p2-kS)S(k3:pl)_t(vakl)s(klrpl)](y ) f3 =3 =(as+by).
14
Ma(—,+)=F3f5 " s(ky,ka)[S(P2.kp)t(Kz,p1) Here,a,= — 1+4sirfby, be=1, a,=— 1+ 3sirfé, and by,
- 5(Dp,ka)t(Kau 1) — S(Pa k)t (Kyup1) ], =—1, according to the experimental d4&2].
Ma(=,—)=Fsf5 s(kz ko) [t(p2.Kz)S(kz,P1) B. CasebbA’
The Feynman diagrams that contribute to the process
+t(p,.kz)s(ks,py) —t(ps.ky)s(ky, , =
(P2:ka)s(ka.py) =Pz ky)s(ka pu)] e"e”—bbA” to the tree level, are shown in Fig. 2. The
My(+,+)=F4f ¥ s(kp, po)t(p1,Ks), corresponding amplitudes to each graph are
M4(+,—)=F4fI'_S(k2,p1)t(p2,k3), M;=C1Pzon(S13) one(S)Tgoszoe,“
15
M4(—,+)=F4fZ'+t(k2,p1)S(p2,k3), ( ) MZICZPZOb(SIZ)PZOE(S)T'[ZLODTZOEM1
My(—,—)=Faf; t(kz,p2)s(P1.K3), Mz=C3P7014(S23) P20e(S) Tho, T 20¢ »
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M= C4P20(S23) P20e(5) Tho, T20ey » (20 Thon=U(kz) (K1~ ko —kg)*v (ks). (22)

Ms=CsP 5(S13P1e(S) Th T yep » Making use of Eqs(g)—(ll), we can reducg the ampli-
tude M to expressions that contain only spinor products.

Me=CgP p(512)Pe(S) T T ey » Finally, evaluating the tensor products in Eg0) for each

combination ofA,\'==*=1 we obtain
where
My(+,+)=2G197 Tt(Ky,ky)S(Ky,p2)t(p1.Ks),
C,=g®my tanB/32M , coL6y, ( ) 1971 " t(Ka,kq)s(K1,p2)t(p1,Ka)

My(+,-)=2G19; " t(ky,ky)s(ky,p1)t(p2.Ks),

C2:Cla (23)
. _ -+
C3:_93mb COSaSin(,B—a)/].GMWCOSG COSZGW, Ml( ,+) ZGlgl S(kZrkl)t(klapl)s(pZ:kS}):
21 _ -,-
C,=—g°m, sina cod B— a)/16My cos3 coLdy, 2D Mi(=,=)=2G109; " s(ka,ky)t(ky,p2)s(p1,Ka),
Cs=gm,e’Q.QptanB/2My,
° Mo(+,+)=2G,9; " t(kz,P1)s(P2,kp)t(Ky Ka),
C6:C5. T
Ma(+,-)=2G,0; " t(ka,p2)s(pr.ki)t(ky,Ka),
The propagators are given in E), while the tensord %o, (24)
andTzoe, Eq. (8), and the new ones as follows: May(—,+)=2G,9; " s(Kp,p2)t(P1,kp)s(Ky,Kg),
T’ZLob:U(kz) ¥s(Ki+Kp) v(ap—bpys)v(Ks), My(=,=)=2G,9; " s(ka,p)t(p2,ki)s(ky,Ka),

|
Ma(+,+)=—G303 " "s(ky,ks)[t(P2,Ka)S(Kz,p1) +t(P2,Ks)S(K3,p1) — t(P2. ki) S(Ky,p1)],
Mi(+,—)=—G303" s(Kz,k3)[S(P2,k2)t(Kz,p1) +S(P2,ka)t(Ks,p1) —s(p2,ki)t(ky,pa)],
Ma(—,+)=—G303" " t(Ky,ka)[t(P2,Ka)S(Ka,p1) +t(P2,Ka)S(Ks,p1) — (P2, ki) s(Ky,p1)], (25

Ms(—,—)=—G3z035" t(Ky,K3)[s(P2,K2)t(Ky,p1) +8(p2,Ks)t(Ks,p1) —S(p2,Ki)t(Ky,p1)],

My(+,+)=—=Gy0s " t(kz,kg)[S(P2,k2)t(Kz,P1) + (P2 Ka)t(Ks,P1) —S(P2,ky)t(ky,p1)],

My(+,-)==Gy0s" t(Kz,ka)[t(P2,kz)S(Kz,P1) +t(P2,Ks)S(Kg,P1) —t(P2,k1)S(Ky,P1)],

Ma(=,+)=—G40; " s(Kz,k3)[S(P2,k2)t(Kz,P1) + (P2, K3)t(Kg,P1) = S(P2, k1) t(Ky,P1)], (26)

My(=,=)==Ga9;" " s(ka,ka)[t(P2.K2)S(Kz,P1) +1(P2.Ka)S(k3,p1) —t(p2.k1)s(Ky,p1)],
Ms(+,+)=—2Gst(Kp,p1)S(P2,K)t(Ky ,Ks),
Ms(+,—)=—2GCst(ky,p2)s(P1,K1)t(Ky, ka),

(27)
Ms(—,+)=2GsS(Kp,p2)t(p1,K1)s(Kq,Ks),
Ms(—=,=)=2GsS(Kp,p1)t(P2,K1)s(Kq,Ks),
Me(+,+)=2Ggt(ky,K1)s(Kq,p2)t(P1,Ks),
Me(+,—)=2Ggt(ky,k1)s(ky,p1)t(p2,Ks),
(28)

Me(—,+)=—2Ggs(Ky,kq)t(kq,p1)S(P2.Ks3),
Me(—,—)=—2Ggs(ky,kq)t(Ky,p2)s(P1,K3),
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where s 50
i (A% 2% +h0 23 45
G1=C1Pz0p(513)P20e(S), ‘ 1 a2
05 1 55
G, =C,Pz0h(S12) P20e(S), Do
b= Pl 1 %
G3=C3Pz01(S23) P20c(S), 8 4 25
i 1 20
G4=C4Pzon(S23) P20e(S), (29 1 4 15

10
G5=CsP,5(813)Pe(S),

91" =0 =f1", 93" =g, =fz"

G=CsP (512 Pe(S), 100 150 200 250
o (G V)
and (a) my (Ge
91 =g =", g5 t=gg =1 oy — 50
B i 4 45
91 =9 =fi". 95 =gs =15, oo 1 1 “
_ B . (30) b 1 3
gly+:g2 +:f1 v O3 +:g4 +:f3 +’ = E:0'0220.01 1
— 8 :l 1 25

The expressions for thé; ", f;—, f ", f; 7, 3",
f3' 7, f3-" andf; ™ are given in Eq(19).

After the evaluation of the amplitudes of the correspond-
ing diagrams, we obtain the cross sections of the analyzec 100 150
processes for each point of the phase space using(Ez)s-
(17) and(23)—(28) by a computer program, which makes use
of the subroutinerRAMBO (random momenta beautifully or- FIG. 3. Total cross sections contours imfo—tang) parameter
ganized. The advantages of this procedure in comparison tqQ

" " S . . space fore"e™—(A%z%+h° ande*e”—bbh® at LEP-II with
t1h7ejt traditional “trace technique” are discussed in R¢fd.— JS=200 GeV and an integrated luminosity 6f=500 pl . We

We use the Breit-Wigner propagators for @R hO, HO have takerm,= 175 GeV andVi;=500 GeV and neglected squark

andA® bosons. The mass of the bottom~4.5 Ge\j, the mng.
mass Mzo=91.2 GeVf and width ["z0=2.4974 GeV of Z°
have been taken as inputs; the widthsh8f H®, andA° are
calculated from the formulas given in Réb]. In the next
section we present the numerical computation of the pro

cesseete” —bbh, h=h% HO% A°.

(b) mp (GeV)

1(d); Fig. 2d)] assuming an integrated luminosity df
=500 pb ! and£=10 fb ! at \'s=200 GeV and 500 GeV
for LEP-Il and NLC, respectively. We consider the complete
set of Feynman diagram@igs. 1,3 at the tree level and
utilize the helicity formalism for the evaluation of their am-
plitudes. In the next subsections, we present our results for

Ill. DETECTION OF NEUTRAL HIGGS BOSONS the case of the different Higgs bosons.

AT LEP-Il AND NLC ENERGIES

In an earlier papef21] has been explored the possibility A. Detection ofh°
of finding one or more oithe neutral Higgs bosons predicted In order to illustrate our results on the detection of ke

by the MSSM ingg—bbh (h=h° H° A followed by h Higgs boson, we present graphs in the parameters space re-
—.bb, profiting from the very higtb-tagging efficiencies. In  9i0n (Mao—tanp), assumingn;=175 GeV,M7=500 GeV
other workg 18], the discovery reach of the Tevatron and the@nd taB>1 foi LEP-II %”dONLcé Our results are displayed
LHC for detecting a Higgs bosofth) via the processes In Fig. 3, fore"e”—(A",Z%)+h" dominant mode and for

pp/pp—bbh(—bb)+X has been studied and the possibil- the processes at three-bodye™ —bbh".

ity of detecting SUSY Higgs bosons at Fermilab and LHC if ~The total cross section for each contour is 0.01, 0.02, and
tang is large has been shown. 0.05 pb, which gives 5 events, 10 events, and 25 events,

In this paper, we study the detection of neutral MSSMrespectively. We can see from this figure, that the effect of
Higgs bosons a¢* e~ colliders, including three-body mode the reactionbbh® is lightly more important that A°,z°)
diagrams[Figs. 1a)-1(c), 1(e), and 1f); Figs. 2a—2(c), +hO, for most of the nyo—tanB) parameter space regions.
2(e), and Zf)] besides the dominant mode diagrdffig.  Nevertheless, there are substantial portions of parameters
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FIG. 4. Total cross sections contours for an NLC witls . FJG' 5_ So,ame as in Fig. 4, but f&'e” —(A",Z)+H" and
=500 GeV and£=10 fb"l. We have takerm,=175 GeV,M; € € —bbH".

=500 GeV, and neglected squark mixing. We display contours for L 0 -0 o b — 0
ete”—(A%Z%+h and e*e” —bbh®, in the parameters space © € —(A",Z")+H", e"e”—bbH"in Fig. 5 for an NLC
with /s=500 GeV and£=10 fb~! in the case wheren,
=175 GeV and\7=500 GeV(squark mixing is neglected
space in which the discovery of thd is not possible usin The contours for this cross section are 0.01, 0.001, and
P 0 o0r L 0 0 y P 9 0.0001 pb for both reaction#\P,z% +H® andbbH?. While
either (A",Z%) +h" or bbh™. _ that the number of events corresponding to each contour are
For the case of NLC, the results on the detection otthe 100, 10, and 1, respectively.

tribution of the procese*e” —bbh® becomes dominant, gptained for a given procesa{, z%) +H° or bbHO then the
namely, ee”—(A%Z%+h’ is small in all parameter Higgs bosorH? can be detectable. Contours for ten events
space. However, they could provide important informationgre also shown, but detection of any of the two cases with so
on the Higgs bosons detection. For instance, we give thesy events would require very high experimental and analy-
contours for the total cross section to say 0.01 and 0.03 phkjs efficiencies.

for both processes. These cross sections give 100 events andThe effect of incorporatébH® in the detection of the
300 events in total to each process, then it will be detectablg|igg$ bosorH® is more important than the case of two-body

the h® at NLC energies. oo Lo il . /0-1
mode A°,Z°)+H", becausdobH" cover a major region in
. 0 the parameters spacmfo—tang). The most important con-
B. Detection ofH clus?on from this Ilf)igure&is thatﬁ(;etection of aIIF())f the neutral
The detection of the heavy Higgs bosdd$ is not pos- Higgs bosons will be possible afs=500 GeV.
sible at LEP-IIl. Nevertheless, the possibility for a future
e’ e collider with center of mass energy of order 500 GeV C. Detection of A°

is surveyed. Consequently, detection of th& and A° will 0 ) )
For the pseudoscal&®, it is interesting to consider the

be only possible in such a scenario 6 is significantly =
larger thanmuo+myo, i.e., =2muo for large myo where  production mode intdobA®, since it can have large cross
myo~myo. To illustrate more precisely our results, we give section due to that the coupling & with bb is directly

the contours for the total cross section for both processegroportional to tag, thus will always grow with it. In Fig. 6,

(mpo—tanpg).
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FIG. 6. Same as in Fig

we present the contours of the cross sections for the process

of our interestobA°®, at LEP-II energies.
We display the contour lines fayr=0.01,0.02, showing

also the regions where th&° can be detected. These cross

sections give a contour of production of 5 and 10 events. It
clear from this figure that to detecting the Higgs bogdh

are necessary very high experimental and analysis efficie

cies.
On the other hand, if we focus the detection of &feat
Next Linear e"e” Collider with \s=500 GeV andf

. 3, but fer" e~ —bDbAP,

IV. CONCLUSIONS

In this paper, we have calculated the production of a neu-
tral Higgs bosons in association withquarks via the pro-
iS(:essezxe+e*—>bbh, h=h° H° A° and using the helicity for-

malism. We find that this processes could help to detect a
r#:gossible neutral Higgs boson at LEP-Il and NLC energies
when taB is large.

The detection ofh® through of the reactione™e”

—bbh?, compete favorable with the mode dominarite™

=10 fb~ L, the panorama for its detection is more extensive — (A%Z°%)+h°. The process at three-bodgbh® cover

Figure 7, show the contours lines in the plame,¢—tang),
to the cross section adbbA°. The contours for this cross
section correspond to 100, 30, and 10 events. It is estimat

that if more than 100 total events are obtainedb‘FAO, then
it is possible to detect tha®.

!
i

bbA°

i
i

i
i

oY

0.003, 0.001

tanf3

250
my (GeV)

300 350

FIG. 7. Same as in Fig. 4, but fer e~ —bbA°.

lightly a major portion of the parameter spagao—tang)

as is shown in Fig. 3 and the corresponding cross section for
e%ach contour is ofr=0.01, 0.02, 0.05 pb for LEP-II, while
for NLC we have thatr=0.01, 0.03 pb and the correspond-
ing contours are shown in Fig. 4. However, there is a portion
of the plane Mo—tanB) whereh? is not detectable with
the mechanismA®,Z°) +h° or bbh®.

The heavy Higgs bosori® is not detectable at LEP-II
energies. Nevertheless, it could be detected at NLC via the
(A°,2°%) +HP° or bbh° reaction, withH® being produced in
association witth quarks. The detection of thHe® will only
be possible in such scenarios\i is significantly larger that
Mao+ Mo, i.e., =2muo for large myo wheremyo~mpo. In
Fig. 5, we give the contours for the cross sections for both
cases A°, 2% +H® and bbH®. We find that formuo and

tang large the reactiore™e”—bbH? is more important
thane*e™ —(A%,2% +H® and covers a major region in the
parameter spacar(yo—tanB) where this mode is kinemati-
cally allowed. It is interesting to notice that the associate

production of A° with bb is enhanced for larger values of
tanB, which could be used to detect neutral Higgs bosons,
provided that it will also be possible to tag the signals using
the b quarks produced in the reaction.

In the Figs. 6,7, we show the contours for the total cross

095011-8
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section of the procedsbA® for both LEP-Il and NLC ener- Higgs boson will require the combined use of a future high-
gies. We can conclude that there is a region where the Higg&n€rgy machine such as LEP-Il and the Next Lineae
bosonA? could be detected at the next high-energy machine&ollider.
(NLC).

In summary, we conclude that the possibilities of detect-

ing or excluding the neutral Higgs bosons of the minimal  This work was supported in part by Consejo Nacional de
supersymmetric standard modéP(H®,A°) in the processes Ciencia y Tecnolog (CONACYT) and Sistema Nacional de
e"e”—bbh, h=h%H? A® are important and in some cases InvestigadoregSNI) (Mexico). O.A.S. would like to thank
are compared favorably with the mode dominate™ CONICET (Argenting. We would like to thank J. L.
—(A%Z%+h, h=h%H?A? in the region of parameters Diaz-Cruz for suggestions and for a careful reading of our
space (po—tanB) with large tanB. The detection of a manuscript.
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