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Abstract. Current attempts to understand supersymmetry (susy) imgake focused on the idea
that we are not in the ground state of the universe but, idsteaa metastable state that will
ultimately decay to an exactly susy ground state. It is eg8ng to ask how experiments at the Large
Hadron Collider (LHC) will shed light on the properties ofghuture supersymmetric universe. In
particular we ask how we can determine whether this finabdtats the possibility of supporting
atoms and molecules in a susy background.
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Although it was recognized early that susy Higgs models waithextra singlet were
at best metastable [1] with the true ground state being Bxsgpersymmetric, several
decades were spent trying to find a susy breaking mechanamwiuld allow a broken
susy ground state. For reviews see [2, 3]. The discovery afrazero vacuum energy
density

£ =(5.9+0.2)mev* (1)

was the first step toward the currently dominant point of vileat we live in a metastable
universe destined to ultimately undergo a phase trangi@susy world. There should
be no doubt that physics will eventually be able to causa&lgte this milli-eV vacuum
energy scale to other phenomena but, at present, our onbrstaeding is based on the
Anthropic Principle which observes that, within narrow bds, the laws of physics are
such as to allow the rise of intelligent life. The string theapproach to this observation
is the suggestion that there may be an enormous number dhhdcana in the effective
potential of the universe so that the probability that soramber of them would be
consistent with the anthropic bound [4] is naturally larlyeany case, the earliest and
basic string manifestations including fermions were dyastipersymmetric so it should
be expected that an exactly susy universe is among the pg&ildds. See, for example,
[5]. Whether one of these is the ground state or whether geralso local minima with
negative vacuum energy (collapsing universes) remainkanc

The existence of an inflationary era with a large vacuum energhe very early
universe suggests that there has been at least one phasi&idram the past so the
transition to a future susy state may not seem too unworltys scenario provides
an interesting alternative to the conventional cosmoldggould be [6, 7] that the
transition rate is enhanced in dense matter so that the fataydof the false vacuum is
presently foreshadowed by violent astrophysical eversiding gamma ray bursts and
supernovae[8, 9].
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FIGURE 1. The effective potential in a positive definite, bi-cuspididacape. The vertical scale is
broken to become linear at low potential.

We will assume, as in the Lagrangian susy Higgs models, ieattactly susy minima
with zero vacuum energy are the true ground states of thestssv The question then
arises why the universe did not begin in the exactly susy statapidly fall into it. This
guestion may ultimately have a traditional statistical heegcal answer but one could
also observe that an initial exponential expansion was rtapbfor the eventual rise
of life by facilitating structure formation and the escageh® baby universe from the
primordial fireball.

From the anthropic point of view, even if a broken susy worlasvimportant at the
beginning, one could ask whether life could survive or rebes following the ultimate
phase transition to exact susy. The properties of a futsy sniverse have been studied
in a preliminary way [10]. The dominant feature of an exadysworld is, of course, the
degeneracy of bosons and fermions which leads to a vastiydined role for the Pauli
Principle. Some recent papers [11, 12] have suggestedahat and covalent binding
of molecules could still exist in a susy world leaving opeerhaps, the possibility that
supersymmetric life forms are not ruled out.

The susy Higgs models could provide models for the low lyisgt @f the string
landscape or, with a large number of scalar fields, could guexuce many local
minima. The most general renormalizable superpotentitd wipair of Higgs doublets
and an extra singlet Higgs is

/
WZA(S(HU-Hd—v2)+%§+%sZ) . )
The F terms in the scalar potential are

VE = A2 (JHu-Hyg — V2 + 'S+ 1082+ |SP(JHul? + [Hd]?) - (3)

The overall scale of the vacuum energy and the Higgs massestjamenvalues is set by
A2 which we put equal to unity. Of course, the introduction ahdnsionful parameters,



v and o could lead to problems analogous to flagoroblem in the MSSM. With some
loss of generalityylg can be set to zero by imposing an R parity invariance uSder—S

in the scalar potential. A non-zefg is, however, interesting as an additional source of
CP violation. A non-zere parameter is interesting as a source of electroweak symmetr
breaking in a susy ground state. To theéerm in the scalar potential must be added soft
terms which at present we have for simplicity restricteddfi mass terms anD terms
which vanish at the minima of the potential assuming equitlnsass terms foH, and

Hg. Our primary interest is whether or netis non-zero so it is sufficient at present to
set these soft masses equal.

V = Vi +mg|S?+mg; ([Hul* + [Hal?) - 4)

The critical points [13] where all derivatives vanish argéedmined by

%,
%‘o = 0= (2A'S+ Hp) (V6 — V* + HoSo +A'S5) + So(2lvol* + &) (5)
and
%b=0=V6(V5—V2+IJ050+)\’S%)+vo(|So\2+mﬁ) . (6)

The soft masses depend on the susy breaking mechanism aistl rathe transition
to exact susy. I is non-zero, degenerate exact susy ground states are foaga]i
one of which has electroweak symmetry breaking. In additiamsusy breaking critical
points are found which, in the limit of vanishing soft masaes saddle points and not
true minima. We have suggested that these could be promotedet local minima by
“soft breaking terms” which, in turn, could be induced by dymcal susy breaking in
some hidden sector. We have, up to now, only considered st terms.

The value of the Higgs potential at the broken susy mininuwtu{eon 4 in [13]) is

V(0) = [Sol* + 2| Sovol” + mf; + M| Sol * + 2§ (|vol* + ol ?)

One can choose the soft masses to make the vacuum energwiioisal agree with
the dark energy observatio5.9 +0.2)meV*. (At least one ofmé and m must be
negative which is allowable as long as the physical eigésstare positive.) Of course,
this requires a fine tuning and does not explain the low vacanergy. Other sources
of dark energy such as thermal effects and compactificatiil@etes would also come
into play and, in the absence of interference, would als@ habe small. Nevertheless,
this moves the problem into the hidden sector and providesxample of the Higgs
vacuum energy being small compared to the natural scaleypf 176 GeV. Models
of dynamical susy breaking in a hidden sector have been me$¢l4, 15] although
the mediation mechanism and the quantitative connecti@oftomass terms remains a
subject for further work.

Only if the parametev is found to be greater than zero is there a susy ground sttte wi
electroweak symmetry breaking allowing atomic and molachinding and, therefore,
the possibility of susy life forms. Such a non-zerparameter is characteristic of the
“nearly minimal susy standard model”, (nMSSM) but not of tménimal (MSSM)



or next to minimal models (NMSSM). This parameter, like &létparameters in the
Lagrangian, can be determined by sufficiently detailed erpentation at a high energy
collider such as the LHC [16] but this will not be a simple jabce it requires measuring
the vacuum expectation value of the scalar Higgs and the ptrameters of the Higgs
potential. For example, one can test for a non-aelly measuring the Higgs mixing
term after the other parametess, Lp, andS have been determined. In the most general
model this term is

Vhixing = Hu - Hg (V(z) —Vz—i-)\/%—k IJoSo)T—i— h.c. . (7)

This relation, of course, receives corrections propodidio electroweak gauge cou-
plings, which may be small, and to differences of soft douHiggs masses.

If a non-zerov is found, it will be of interest to determine whether it isdabtan the
Higgs doublet expectation valwg in the broken susy state in which case there could be
an exothermic transition in dense matter from the brokeg sng/erse to the exact susy
phase. In this case, if a susy bubble overtakes a matter fégidn, the normal matter
will be converted to susy without the input of extra energy.

In [13] we have explored correlations between the variouarpaters in the two cases
of v < |vg| andv > |vp|. An interesting property of the model with negative soft sess
squared is that the coupling constants can be in the petivelr@gion. In the second
of [13] we have considered phases in the potential which earelated to CP violating
phenomena.
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