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Decay ofZ into three pseudoscalar bosons
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We consider the decay of theboson into three pseudoscalar bosons in a general two-Higgs-doublet model.
Assumingm, to be very small, and that of the two physical neutral scalar bokgrmmdh,, A only couples
to Z through h;, we find theZ— AAA branching fraction to be negligible for moderate values of gan
=v, /vy, if there is n0x5(®1¢>2)2+ H.c. term in the Higgs potential; otherwise there is no absolute bound but
very large quartic couplingébeyond the validity of perturbation thegrare needed for it to be observable.
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PACS numbeps): 14.80.Cp, 12.60.Jv

If the standard SU(2¥% U(1) electroweak gauge model is mi: — miz(tan B+cot B)—2\5v2, ®)
extended to include two scalar doublets, there will be a neu-
tral pseudoscalar bosghwhose mass may be small. In that wherevzzv§+ v%, and the charged Higgs boson is
case, the decay of thé boson into 3A’s may not be negli-
gible. This process was first studigtl] in a specific model h*=sin B¢, —cos B¢, , 4
[2]. It was then discussefB] in a more general context.
More recently, it has been show#] that there is a lower With
bound onm, of about 60 GeV in the minimal supersymmet- 2 " )
ric standard mode(MSSM), hence the decag—AAA is M= =M+ (As—Ag)v” ®)
only of interest for models with two scalar doublets of a . :
more general structure. Even in the context of supersymme-l—-0 get the maximunZ—AAA rate, we letm, =0, i.e.
try, this is possible[5] if there exists an additional (@)
gauge factor at the TeV scale.
mol(rjlelth:nga%eernzvfs fr?gsl:%irdietliognineﬂr)?l \fv"ﬁ?(;;“%ﬁjddoeuct;?rhen the mass-squared matrix spanning the two neutral sca-
Z—AAA may be enhanced, despite the nonobservation olfar Higgs bosons/ERebLz 's given by
e*e”—h+A, whereh is either one of the two neutral scalar Ay €O B+Ns SiIP B (Ng+\y)sin B cosB
bosons of the model. We will show that in principle this M?=2v? . . .
(A3t Ag)SiNnB COSB A, Si? B+ coS B
()

m32,=—2\5v? sin B cos B. (6)

decay is limited only by the scalar coupling —\, as de-
fined below. However, ik 5=0, which is true in a large class

of models[6], then it may be bounded as discussed below. consider now the following two linear combinations:
Let the Higgs potentiaV for two SU(2)xU(1) scalar

doublets®; ;= (¢ ,,47,) be given by hy=v2(sin 8 Re¢?—cos 8 Reg?), ®
V=mi®id;+mid D, +miy(BI0,+ DIDy) h,= V2(cos B Re4?+sin BRed?). 9)
1 1 ;
n 5)\1@1@1)4 §A2(¢Z¢2)2+)\3(<DJ{‘1>1)(‘1>Z<D2) It is well known thath; couples toAZ but notZZ, whereas
h, couples toZZ but not AZ. However, the process

1 1 e"e"—h+A s in general possible_ becaukawill normally
F Ay (DID ) (PID )+ Eks(q’l‘bz)sz f)\g(q);q)l)z’ h_ave ahll component, thereby putting a constraint R if
kinematically allowed. For our purpose, we will requing
(1) andh, to be mass eigenstates, in which casgis uncon-
trained by the nonobservation ef e”—h+ A even ifm, is
where the discrete symmet,—®, and ®,——®, is  small, as long as, is larger than the*e™ center-of-mass
only broken softly by then?, term. Assumes to be real for ~ €nergy. This allows us to have the maximum effective cou-
simplicity. Define tang=uv,/v, as is customary, where Pling of Z to AAAas shown below. _
U12:<¢22> are the usual two nonzero vacuum expectation The requirement thdt; andh, be mass eigenstates leads
values. The pseudoscalar neutral Higgs boson is then  t© the condition
A= \3(sin B Im ¢0—cos 3 Im 42). @ Ny SI? B—N\; €O B+ (N3+ A4+ As)(cos B—sir? B) (1(())).

with mass given by As a result, the masses bf , are given by
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e also that\ 4 by itself must be large and negative so thgt-
-7 of Eqg. (5) can be greater tham;,—m, for my=0, so as to
, A" prevent the decay—b+h*. This condition is not satisfied
’\/\/\/\/\A// in the MSSM Where7\4=—g§/2, hencem,=0 is not al-
b
~ ~ A lowed there[4].
"1\\</ Assuminghs=0 and using Eq(15) with m;=180 GeV
~ o and|cot 28|=1 (i.e. tan3=0.4 or 2.4, we now calculate
> theZ— AAAdecay rate, following Refl]. The amplitude is
given by
FIG. 1. One of 3 diagrams for the decdy-AAA. The other 2
are obvious permutations. m3+2 €Ky ek,
92— DRV SR T I
(p—ky“=m7 (p—kz)“—mj
m2=[\; co€ B+\, S B+Ns—Ag—AiJv?,  (11) ek | 16

+ e —
(p—k3)®~ mi
ms=[A\; coS B+\, Si? B+As+Az+tA,v2 (12
whereg,=e/sin 8, cos b, p is the four-momentum of the
Z boson, andk, , 3 are those of thé\'s. The effective cou-
pling used in Ref[1] is now determined to be

Note that in the MSSM, Eq¢(10) cannot be satisfied in the
presence of radiative corrections.

We now extract thén; AA coupling from Eq.(1), using
Egs.(2) and(8). We find it to be given by

. )\eff
B row, (13

22
) _ Using the estimate of Refl], this Z—AAA rate is then
where Eq.(10) has been used. As a function Bf this ex-  gpout 1.0¢ 1077 GeV. Hence its branching fraction is about

pression is obviously maximized at sig2+1. On the 41078 which is clearly negligible. To obtain a branching
other hand, our conditions so far do not limit the combina-fraction of 1076, we need cotB=5 (i.e. tan=0.1 or 10.

tion Ay —A,, hence there is no absolute bound@”-AAA | this case, eithek;—N3— A4 OF No—A3—\y4 in Eq. (14)

in this general case. has to be about 53.5. K5+ 0, then we cannot use Eq4.4)

Let us consider the case;=0. This is natural in a large  anq (15), but Eq.(13) is still valid. To obtain a branching
class of models where the two Higgs doublets are remnanigaction of 1076, we will then need\;—\,| to be about

[6] of a gauge model larger than the standard model such thafg 5 Thys in both scenarios, one or more quartic scalar cou-
they are distinguishable under the larger symmetry. In thagjings have to be very large and beyond the validity of per-

2
2
=g21.5. (17)

case, we have turbation theory.
. If h, andh, are not exact mass eigenstates, then there is
2_ N 2 — N 2 1 2 )
Mi=2(A1=Xs=Na)v? €OS' B=2(A2~ A5 Aa)v sz(fdl) an additional contribution frorh; —h, mixing which is nec-
essarily very small from the constraint of experimental data
and we can rewrit¢13) as if m, is below 172 GeV. Thé1,AA coupling is given by
2 2
ml 1% mz
— ——cot 28. (15) — —2\g[1—sir? B cog B]]. 18
o028 B2z 2N B cog B] (19

The above expression appears to be unbounded
sin 28— 0. However, that would require very large quartic
scalar couplings. This can be seen two ways. First, dibe

is equal to(13), we need an extremely large value of
A1—\5. Second, from Eq(14), we see also that if sif is
small, then\,—\3— A4 has to be big, and if co8 is small,
then\;—A3— X\, has to be big. Thus we will choose moder-
ate values of tar8 in (15) for the following discussion.

¥ A5=0, this expression is bounded independent of gan
and the overall contributior(including the smallh;—h,
mixing) is negligible. IfA5+# 0, then its value has to be huge
for the process to be observable.

The reason thaf' (Z— AAA) is so small is twofold. One
is that with the higher energy reached by the CERNe™
collider LEP2, the nonobervation @&—h+ A forcesm; to
In Fig. 1 we show the diagram for the decZy-AAA Ibeag:r‘:Cr:egrrnf?mtcgﬂéhlﬁggﬁg&hf fkon )'\fzo’ trhee
with an intermediate virtuah,. To maximize this rate, we ing oL T2 B8 T

S ) . . sulting in a very severe suppression fadtbl. Our conclu-
minimize m; to be just above the maximum experimental .

e*e center-of-mass energy, which is 172 GeV up o nowSion is that the decay¥— AAA s not likely to be observable

but will soon be 183 GeV. As foh,, it interacts exactly as in a general two-Higgs-doublet model with parameters in the

the one Higgs boson of the standard model, from which Wé)erturbatwe regime.
have the experimental lim{t7] of m,>65 GeV. However, This work was supported in part by the U. S. Department
ms is not directly involved in thén; AA coupling here. Note of Energy under Grant No. DE-FG03-94ER40837.
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