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In this talk we will review recent results [1, 2] on symmetry breaking in two Kidgublet
models (2HDM) [3]. Namely, the possibility that minima that break different syiriese can
appear simultaneously in the potential, and tunneling between them might doaef. [1] we
worked in 2HDM without explicit CP breaking and showed that if there idres level, a mini-
mum that preserves th&(1)em and CP symmetries, that minimum is the global one. Therefore, the
stability of this minimum is guaranteed and tunneling to a deeper one that biesrke conserva-
tion or CP becomes impossible. In ref. [2] we extended this analysis to thegmostal 2HDM
and proved that, once a charge-preserving minimum exists, any chagkirg (CB) stationary
point that might exist lies above the minimum. Charge conservation is thusdssur

There are many ways of writing the 2HDM tree-level potential, for this talk Weuse the
one introduced in ref. [4]. With two scalar Higgs doublets in the the®gyand ®@,, both having

hypercharge¥ =11,
[ t+ig2 [ ¢3+ida
"= <¢5+i¢7> e <¢e+i¢8) | .

there are fouBJ (2)y x U (1)y invariants one can construct with these fields, namely

X1 = |®1f* = ¢ + ¢3 + 95 + 67
Xo = |®2f” = 95 + 03 + 95 + 03
X3 = Re(P]®2) = p1¢3+ hoda+ Psde+ d7ds
X4 = IM(®]®y) = 164 — $203+ Psds — Pod7 - (2)

Notice that under a particular CP transformation in this baBis£ ®; , ®, — ®3) the invariants
X1, X2 andxs remain the same bug; changes sign. The most general tree-level potential is thus
composed of all the terms linear and quadratic inxkei.e.,

V = ai1Xg + axXo + agxz + agXq + b11X% + bsz% + bggX% + b44X£+
b1aXiX2 + b13Xaxz + braXixa + DazXoXz + D2aXoXa + D3aXsXa . (3)

Thea; parameters have dimensions of mass squared arig| tharameters are dimensionless. The
potential thus written depends on 14 real parameters but, with a particoiaeasf basis, one can
reduce this number to 11 independent parameters (see, for instaic&€hgblinear terms irx4 are
the ones that explicitly break CP, and if we eliminate them we are left with the rEOngder CP
preserving potential that was used in ref. [1] (with a judicious choiceasfs[5] the number of
independent real parameters of this potential may be reduced to 9).

It is a well known fact [3] that the 2HDM potential can only have three $ypeminima. One
of them is a charge breaking minimum where three of the fields, at leastfahero carrying
electrical charge, have non-vanishing vacuum expectation values)(vEor instance, the fields
¢s, ¢ and ¢3. In the second possible type of minimum only neutral fields have vevs anel the
are two possibilities. In the first only two fields have vegg &nd ¢g, for instance), and we call
this the first “normal” minimumN;. In the second case there are three vevs, for the figjdés

1The numbering of the real scalgrfields is chosen for convenience of writing the mass matrices for therscala
particles.
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and¢y, for example. We call this case th\e minimum. Notice that when the model is reduced to
the potential that explicitly preserves CP, tiieminimum spontaneously breaks CP. For this more
general case, however, theraipriori no physical distinction between the two “normal” minima,
both of them preserving charge conservation.

Inreferences [1] and [2] we developed a method to compute the value wétalevel potential
at each of these stationary points, and compare their value. We refezaithers to those publica-
tions for details of the calculations, and proceed to present the resultegindonsequences. For
the N; minimum, the vevs will beps = vi and¢s = vo; for CB, we will have¢s = v, ¢ =V, and
¢3 = a (this last vev is the charged one that breaks charge conservatioh, s = V{, ¢s = Vi
and¢7 = o (in the case of the CP preserving potential, this last vev is the one that sponty
breaks CP). The difference between the values of the potential at acC8w; stationary points
is given by ,

Vog — W, = %YTV’ = '\S\H/;

WhereM,ﬁi is the value of the squared charged scalar maNs.athen, ifN; is a minimum, we will
necessarily havkafl,ﬁi > 0 and, given that the quantity in square brackets above is always ppsitive
we conclude tha¥cg — Wiy, > 0. Then, the CB stationary point is clearly above faninimum.
Furthermore, it is possible to show that under these circumstances the ni&Bxsouared scalar
masses is neither positive nor negative definite. As a result, we reacbnhbkision the the CB
stationary point is a saddle point, and lies aboveNheninimum.

Results altogether identical are obtained if one compareblifzad CB potentials. From [2]
we see that

[(Viv2 — Vovi)® + azvﬂ ; (4)

M3
2\2

Ves — Wy, = ( ) (o~ Vov))? 4+ a2 (42 4 32) + 57V )
\)

where now(Mﬁi) : is the squared charged scalar mass ofNpstationary point, andv?)n, =

N
V2 4 V'3 + 52. Again, we reach the conclusion thatN§ is a minimum, theieg — Vi, > O,
and the CB stationary point lies above the normal minimum, Again, it is possiblentortrate
that the CB stationary point is a saddle point. The conclusion to take fromrthigsis is that, if
a minimum that preserves electric charge conservation exists, it is nglyedsaper than any CB
stationary point that might exist in the model. Further, that stationary poimtdsssarily a saddle
point. There is therefore no possibility whatsoever of tunneling from egehpreserving minimum
to a deeper one where charge is broken, and the masslessness afttireipithus assured.

What about a comparison between the values of the potential ahdN, stationary points?
Unfortunately we cannot reach any definite conclusion about whichesfetipossible minima is
deeper. Following a chain of thought altogether identical to the previ@gescane obtains

V2 Y;

Mﬁi Mai ! v\ 2 2\2
- > [(V{v2 — Vavi)© + &3] . (6)
Ny [\
Depending on which stationary point has a larger value for the squasrded mass, then, either

N1 or N, might be deeper. This seems to depend on the particular values of the fEsaoiehe
model, both cases priori possible. A very interesting thing happens, though, when we restrict
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ourselves to the case of the CP preserving potential. In that cadd théimum preserves both
electric charge conservati@md CP, and theé\, stationary point spontaneously breaks CP. Calling
W, = W andVWy, = Vep, and investigating the mass matrices of the 2HDM model (for instance,
[1]) we obtain a remarkable result,
Mﬁ ! ! 2 2

Ver — W = 02 [(ViV2 — Vavi)® + & V%] ) (7)
whereMﬁ is, as usual, the squared pseudoscalar mass at the normal (i.e., cith@fe preserving)
minimum. The right-hand side of this equation is thus positive and we havegsjusttze CB case,
Vep — W > 0. The CP stationary point is therefabove the normal minimum, but in this case
it is not obvious whether it is also a saddle point. Thus no tunneling to a degpgnum may
occur once the potential is at a vacuum that respects both CP and cloagggvation. The tree
level vacuum, we have therefore shown, is perfectly stable.

An intriguing aspect of these results is the following: if one observestemsa(4) and (5),
one sees that the difference in the depth of the potential between the moimmaum and the CB
stationary point is “controlled" by the charged Higgs squared mass. Quiteehand, equation (7)
shows that the difference in the value of the potential between the CP amdrtmal stationary
points is proportional to the pseudoscalar squared mass. That is, ttheaddhe potential at a
stationary point that breaks a given symmetry, relative to the normal minimysends, in a very
straightforward manner, on the mass of the scalar particle directly linked veitisyimmetry. The
absence of charge breaking when normal minima exist seems to be relatednontiexistence,
in the potential, of cubic terms in the fields. In fact, analysing the Zee modstfdar potential
- this model consists of the 2HDM plus a charg@dl(2) singlet scalar -, where such terms are
present, CB minima deeper than the normal ones are discovered [7]. Tlussarprising, since
charge - and colour - breaking is known to occur in supersymmetric tisef@jefor which the
scalar potential has, once again, cubic terms in the fields.
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