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Abstract

The neutral Higgs sector of the Minimal non Minimal Supersymmetric Stan-
dard Model is considered. By effective potential and R.G.E. supported method;
an upper bound of the lightest Higgs is analysed. From the request of per-
turbativity of the coupling in the superpotential, adding the leading stop top
contributions, the absolute bound of ~ 130 GeV for 90 GeV < m; < 180GeV
and M; ~ 1000 GeV is derived. The interesting dependence on m, for tan g — 1

is discussed .



The Minimal Supersymmetric Standard Model [1] (M.S.S.M.) is a simple and attractive
phenomenological alternative to the Minimal Standard Model (M.S.M.), where the disturb-
ing problem of the divergent radiative corrections to the Higgs mass is solved in a elegant
way, with a minimal content of particles. It has the nice feature that, although three neutral

(and two charged) Higgs bosons appear in the spectrum, an upper bound exists for the mass
Mj, of one (the "light”) scalar. At tree level, this reads

My, < Mj (1)

and one expects that radiative corrections will not modify the bound drastically. In fact,
the existing calculations at one loop [2] show that in the MSSM there will always be a
relatively light scalar of a mass of order O(v), where v = m ~ 174 GeV (v;,, are the
vevs of the two doblets H;, H; in the model).

The existence of an upper bound of O(v) on the lightest Higgs mass is a general property
of SUSY models [3]. To fix more quantitatively the precise value depends strongly on the
model and the introduction of the radiative corrections is very important for this purpose.
In particular it is very interesting to study the modifications induced by minimal extensions
of the MSSM. With the introduction of one additional Higgs singlet field N it is possible to
form a superpotential

W = N, H,N — N 2)

which can generate in a "natural” way, via the vev z =< N >, a term ~ pH,H, whith
p = Az ~ O(Mw), difficult to explain in the MSSM [4]. The price that one has to pay is
the appearance of the extra parameters z and k (necessary to avoid the appearance of one
unwanted Goldstone boson) and of two extra (a scalar and a pseudoscalar) Higgs bosons.
Quite interestingly, in the neutral scalar sector a bound for the lightest Higgs mass can still
be obtained. The derivation of the bound at tree level is relatively simple, and it has been

provided by a number of authors [5]. It reads:

2
M} < (% cos? 28 + A?sin? 28)v? (3)

where M? = g?/2 v? and tan 8 = vy/v1, so that, in order to give a quantitative number, some
information on ) is now necessary. In general, one derives bounds on A from renormalization

group equation (RGE) (and request of a perturbative treatment) arguments. Once an upper

3



bound on A is assumed, limits on M, are consequently derived, that are intuitively still of

O(v) i.e. equal to M, or a few more GeV.

One can also evaluate radiative corrections to the bound in the model. Naively, one
would expect the appearance of a "leading” correction ~ mj/M?log M?/m? (my, M are the
mass of the top and of the stop), like in the MSSM case, leading to a rising of the bound when
m; gets larger. On the contrary as shown in a recent paper by J.R.Espinosa and M.Quiros
[6], the plot of the upper bound of M} versus m; is strongly dependent on the value of
tan 3 and in particular for tan 3 — 1 it shows a pronounced decrease with m;, contrary to
the intuitive expectation. This seems very interesting from the phenomenological point of
view. Therefore, I have studied in this paper this model with the method of the effective
potential [7] to compare the results with those of ref. [6] based on a pure RGE approach.

Starting from the Higgs superpotential (2), the tree level scalar potential is:

V(Hy,H2,N) =Vp+ Vp + Vsp (4)

Vi = N[|NP(|H:|* + |Ho|?) + |Hi Ho|*] + *|N|* — (\eH H,N*2 + h.c.) (5)
2" 2

Vo = UM ~ |Hal") + | By Haf* (6)

and we have assumed the usual expression of the soft supersymmetry breaking term:
VSB = mf|H1|z + m§|Hz|2 + m?ﬂle - (A.A)\NH1H2 + h.c.) = (§AkN3 + h.c.) (7)

where, in absence of explicit CP vidlation, A and k are real. Minimizing the potential
introduces the real vevs v;,v, and . The extra vev z is not strongly constrained from
experiment ( differently from the vev associated to the breaking of one extra U(1) group

[8]); the most interesting bound comes from the lightest chargino mass:
Mchargino ~ Az > 45G8V (8)

that implies values of z ~ O(v). However, when drawing the plot of M}, versus z one finds
an increase with z wich is saturated for z > v, see fig.[1], so that it is convenient, to perform

a calculation of the maximum, to work in the limit z — oo .

The tree level matrix elements m; of the neutral scalar fields (ReH,, ReH;, ReN ) after

imposing the minimum conditions are:

2

2
m?, = 2, +m, = Aetan Blke + A,) + 922”1 (9)
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2.2
9:v

m3, = My, + mi, = Az cot Bkz + Ay) + 5 (10)
ma, = i, +mi, = —Az(kz + Ay) + 2v1v,(A? — 1—3) (11)
mly = il + Ml = 2A%2v; — 23kvye — Adyvg (12)
Mg = Mis + Mig = 22720, — 2Mkviz — Ay, (13)
m2y = 1hly + il = 4k%2? — kAwz + AAA%”—’ (14)

where the terms 7? are of order O(z) and ? of order O(v). In the limit z 3> v and allowing

the soft term A to be at most of order O(z) the lightest Higgs mass results up to terms
O(v/z):

[varngs + virnds)?

1. o2 _
M}(z — co) = —[mi,v] + miyv] + 2mine, ] — X (15)
v v,
4 M k b
M? cos® 28 + N2v?sin® 28 — s k—i[l =y sin2f — 3 sin 23]

where Ay = kaz and A, = bz ( to have a positive spectrum b < 2, @ < 3, see ref.[9]). This

expression has a maximum for:

k 1 b
A sin28 2 (16)

Z

This means that at tree level the bound on M), becomes:

2
M < M? for X< %’ and tanf > 1 (17

2
ME < X% for X’ > %z— and tanf — 1 (18)

One sees here a major difference with the MSSM and a possible way out in the case of a
not uncovered very light Higgs. The bound (17) is the same result as that of the MSSM
whereas eq. (18) requires a careful evaluation of the coupling A ( it’s interesting to note
that in the case in which the extra Higgs is associated to an extra gauge group U(1) the

dependence on A disappears automatically in the maximization of My, see ref.[9]).

Consider now the introduction of the leading radiative corrections, coming from the top
stop sector. For the upper bound only the corrections to the elements (11),(12),(22) are

required becouse the maximum at tree level contains only the first term on the right side



of eq.(15). The field dependent masses which one must introduce in the effective potential

are:
M, = m? 4 (-)A* (19)
m? = hiv} (20)
m? =ml . +m] + Q'SZ —v2) 5 A? = hy(Azvy — Apvs) (21)

with h; the top Yukawa coupling and m? ;,, A; the soft mass SUSY breaking terms. The

radiative corrections to each element are:

omiy = (32 HE )\tht:ctan B8)Z + nghtle-—] (22)
Sty = (282 — 22) % 0y0, — AR2AZ)Z + 255 (Ahyvpa(2hd — £2) - —h Awy)] (23)
127 3992 474 12 T may 4 e
2 gz 2 272 2 2 4,2 MEZR
dms, = [(16 — gshivy + Ahi Az cot B)Z + 4hyv;(log g “+ (24)
t

2

2
) 4é-ht44¢1}2(2h2 4z )]

here I have used the simpliﬁcatlon Iog (Mg, /M;,) ~ 2A%/m?® and the position Z = log (M? [M2)+
log (MfL/Mf) ' ‘

The radiatively corrected mass is the;llll
1
M} = ;[ﬁzflvf + 202 + 22,0102 + §m2 v} + §masvl 4+ 2v,v,6ml,) (25)

In agreement with the screening equation of ref. [3],valid in the large z limit, the radiative

corrections of order O(az) cancel and the corrected upper bound becomes :

M} = M? cos® 23 + X?v? sin® T 3 2[(— cos® 28 + g2hlsin® B cos 28)Z -+ (26)
2
A3 it M2
(8h sin® 8 + g° cos 26) + 4ﬁ( t:, )]

v2m?

A precise evaluation of the maximum of M}, goes through an analys1s of the possible value of

A. It becomes necessary, for such purpose, to perform a careful analysis of the RGE [5] and

of the parameter space involved in the numerical evaluation of the mass of the light Higgs.

The R.G.E. promote the configurations in which the free parameters of the superpotential
(2), k and A, are in the ratio g
A

5=2 (27)



as shown by the paper of P.Binetruy and C.A.Savoy [5]; at the same time a contourplot of
Mj, (radiatively corrected) on the (k,\) plane shows that a long this direction the maximum

is reached most quickly, see fig.[3]. So imposing this constraint, the RGE reduce to:

e B 8

B o Beant - 3 (28)
8 o o e Bupd
@t Sartg tahe—39 —39) (29)

(t = log 3-) , with g,, g and g the couplings of the gauge groups SU(3), SU(2), U(1).

Fig.[5] gives the result of the numerical analysis in which I have imposed the constraint
of perturbativity on A (%l < 1 with A ~ 310 GeV) and shown how A[M,] strongly

depends on the values of h;[M,] setting a severe bound on it.

In this way the dependence of Mhlon m; is double; an explicit one, coming from the
effective potential, and an implicit one in the running of the elements at tree level. Whereas
the first one tends to increase the upper bound for growing m,, the second one, on the
contrary, tends to decrease it. The relative weight of this two contributions depends on the
values of tanf and the first is larger for tan 8 > 1, (the parameters space of eq. (17)),
the second for tan 8 — 1. In such a way there are two different pattern of M} on mt, one
increasing for tan @ > 1, very similar to the values of the MSSM bound, another one strongly
decreasing for tan 3 — 1. At intermediate regions this two effects compensate, from which
the relative flatness of the intermediate curves of fig.[5] emerges. Making the envelope
of all the curves, M), results always smaller than 130 GeV for 90GeV < m; < 180GeV,
a result that shows a difference of ~ 8 percent from that obtained with the method of
ref. [2|confirming the relative stability ot the outcome with respect to various reasonable

theoretical imputs.
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FIGURE CAPTIONS

Fig.[1] Plot of M), versus z from a numerical diagonalization of the 3x3 neutral mass
matrix, radiatively corrected, for different values of A [ k=0.5; Ar = A, = 100 GeV, see
ref.[5]; m=1000 GeV; A=400 GeV; m;=150 GeV; tan 3 = 20 |.

Fig.[2] The same as before but with k=0.6; tan =1

Fig.[3] Contour Plot of M, in the plane (k,A); z = 1000 GeV; A, = A, =100 GeV;
m=1000 GeV; A=400 GeV; m;=150 GeV; tan 3= 1. The dotted straight line represents
the fixed ratio A?/k? = 2.

Fig.[4] The same as before but with tan 5=20

Fig.[4] Plot of A\*[M.] versus hM,| from the request of perturbativity at the scale
A ~ 310 GeV and with the constraint A\?/k?=2.

Fig.[6] Plot‘of the upper bound (eq.(26)) versus m; with A running (fig. [4]) for different
values of tan 3.
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