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ABSTRACT

If supersymmetry is dynamically broken in a hidden sector,
the gauginos typically have unacceptably small masses. This
situation can be corrected if a non-Abelian gauge interaction
becomes strong at a scale of order 1 TeV and induces dynamical
gaugino masses. We discuss the typical signals of this scenario
at present and future colliders.

If supersymmetry (SUSY) breaking is communicated from
a hidden sector to the visible sector by supergravity, then the
squarks and sleptons acquire masses suppressed by one power
of the Planck scale:�2

SB
=MP , where�SB is the SUSY break-

ing scale. Therefore, SUSY is relevant at the electroweak scale
provided�SB � 1011 GeV. The gauginos get masses of order
�SB(�SB=MP )

n, wheren is the lowest dimension of the gauge
invariant operators from the hidden sector [1]. Current limits on
the gluino mass requiren = 1, i.e. there should be a gauge sin-
glet in the hidden sector. However, the hierarchy between�SB
andMP requires dynamical SUSY breaking, and the majority
of the models of this type cannotaccommodate gauge singlets
[1, 2] (possible exceptions may be found in [3]). Furthermore,
mass terms for gauge singlets can be forbidden only by global
symmetries, which are expected to be violated by Planck scale
effects [4]. Thus, any gauge singlet is likely to have a mass
of orderMP , so that a VEV of order�SB would require an
unacceptable amount of fine tuning. Note that this problem is
more severe than the existence of light singlets under the Stan-
dard Model (SM) gauge group (as the ones used to generate a�

term), which may be protected by discrete gauge symmetries.
Therefore, hidden sector models may be realistic only if an

additional source of gaugino masses is provided. This can be
done, without reintroducing a hierarchy problem, if new gauge
interactions become strong at a scale�G � 1 TeV. The idea is
to produce dynamical masses for some fields whose spectrum
is non-supersymmetric due to the usual supergravitational inter-
actions, and then to feed these dynamical masses into one-loop
gaugino masses. A specific example is constructed in ref. [5].
Here we discuss the signatures of this class of models at present
and future colliders.

A striking feature of this scenario, as opposed to the usual
supergravity (SUGRA) models which are not concerned with
the mechanism for dynamical SUSY breaking, is that the gaug-
ino masses fall off at large momenta. As a result, the radia-
tive corrections to the squark and slepton masses coming from
gauge interactions are small. This can be seen by evaluating the
one-loop gluino contribution to the squark self energy shown in
Fig. 1.
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Fig. 1. Gluino-quark contribution to the squark mass.
The� is the dynamical gluino mass.

The quadratic divergence is cancelled by two other one-loop
diagrams, involving a gluon and the same squark, respectively.
The dynamical gluino mass, represented by a� in Fig. 1, can be
approximated by a momentum independent mass,M3, which
vanishes at energies above�G. Therefore, the one-loop integral
should be cut-off at�G, and the result is
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where�s(�G) � 0:1 is the QCD coupling constant at the scale
�G. As we will argue below, the squark mass,M~q , is signif-
icantly larger thanM3, implying �M2

~q � M2

~q . Similarly, the
gaugino contributions to the slepton masses are small.

An equivalent description of these radiative corrections can be
given in terms of the renormalization group evolution: the run-
ning of the squark and slepton masses from�SB down to�G
is not affected to leading order by gauge interactions. Hence, if
the Kahler potential is minimal, then the squarks and sleptons
are almost degenerate at the electroweak scale. The only excep-
tions are the stops, which are lighter due to the large radiative
corrections induced by the top Yukawa coupling.

Since the scale of SUSY breaking in the spectrum of the fields
carrying the new gauge interactions is of order 1 TeV, we ex-
pect the squarks and sleptons to be rather heavy, in the 0.5 – 1
TeV range. The gluino mass,M3, is suppressed by a factor of
�s(�G) times some group factor that arises from the coupling to
the fields with dynamical masses. Therefore,M3 � 100� 300
GeV is the typical range.

The Majorana masses for theU (1)Y gaugino, M1, and
SU (2)W gaugino,M2, are proportional to the hypercharge and
weak coupling constants (�1 and�2), respectively, provided
that the superfields responsible for these masses transform non–
trivially under the SM group. The usual relations from GUT
theories will not hold in general because the gaugino masses
also depend on the SM charges of the fields carrying the new
gauge interactions. In the model presented in ref. [5], the gaug-
ino mass ratios are given by

M3 : M2 : M1 =
1

3
t(R3)�s(�G) :

1

2
t(R2)�2(�G)
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: t(R1)�1(�G) ; (2)

wheret(Rk), k = 1; 2; 3, are the indices of the color, weak
and hypercharge representations of the fields with dynamical
masses. It appears naturally that the inequalitiesM1 < M2 <

M3 remain true, withM1 of order 30 GeV andM2 of order 100
GeV. On the other hand, if the chiral superfields responsible
for the Majorana masses are weak singlets, which is the most
economical alternative, thenM2 = 0.

Consider a typical set of parameters in the visible sector:

M1 = 50 GeV ; M2 = 100 GeV ; M3 = 200 GeV ;

tan � = 5 ; � = 180 GeV ; M ~Q 'M~̀= 800 GeV ;

mA = 900 GeV ; M~t1
= 560 GeV ; M~t2

= 570 GeV : (3)

The lightest particles are then the neutralinos
( ~N1;

~N2;
~N3;

~N4) = (39; 75; 190;225) GeV, charginos
( ~C1;

~C2) = (69; 225) GeV, the gluino~g = 249 GeV, and
the Higgs h = 104 GeV. The largest cross sections at a
hadron collider are~C1

~N2;
~C1

~C1 and ~g~g production, with
~C1! W

� ~N1;
~N2 ! Z

� ~N1, and~g ! ~Ci= ~Nijj. The expected
signatures are trilepton, dilepton, and 4 jet events plus missing
ET . LEP2 would be sensitive to chargino pair production.
Despite the fact that the soft parameters of the model have quite
a different origin, the phenomenology looks very similar to a
SUGRA model. Of course, the usual relationship between the
neutralino/chargino masses and the gluino mass is modified,
giving a possible handle on the underlying theory.

An alternative possibility is the set of parameters (3) but with

M2 = 0 ; tan � = 1:5 ; � = �50 GeV : (4)

This corresponds to the case when the fields responsible for the
Majorana masses are SU(2)W singlets. The values oftan �
and� are chosen to give compatibility with LEP limits. The
mass spectrum is then( ~N1;

~N2;
~N3;

~N4) = (31; 47; 88; 115)
GeV, ( ~C1;

~C2) = (53; 112) GeV, ~g = 249 GeV, andh =
73 GeV. The largest cross sections at a hadron collider are
~N1

~N1;
~N1

~N2;
~C1

~C1;
~N1

~C1 and ~g~g production. As before,
~C1 ! W

� ~N1, but there is a sizable branching fraction for
~N2 !  ~N1, giving a possible signal of and missingET . The

usual trilepton signature would be absent. LEP2 would be sensi-
tive to chargino and neutralino pair production, the latter giving
a striking plus missingE signal.

So far we have seen that the potential signals of hidden sec-
tor dynamical SUSY breaking at the existing colliders and their
upgraded versions are related only to the gaugino and Higgs
sectors, and are peculiar only for a class of models. However, if
squark and slepton production will be possible at the next gener-
ation of colliders, then the spectrum of these particles will pro-
vide an important test of hidden sector dynamical SUSY break-
ing. The reason is that in most models of SUSY breaking [6]
the squarks are significantly heavier than the sleptons, while the
models discussed here predict approximate squark-slepton de-
generacy.

At even higher energies it will be possible to probe the
strongly coupled sector responsible for gaugino masses. If

pseudo Goldstone bosons result from the strong dynamics, then
they will be the first particles beyond the minimal supersym-
metric SM to be seen. In the model discussed in [5] the chiral
symmetry of the fields carrying the new strong interaction is
spontaneously broken leading to three Goldstone bosons. This
chiral symmetry is also explicitly broken such that the Gold-
stone bosons get masses of order 1 TeV. Since the new non-
Abelian gauge interactions become strong at a scale of order
1 TeV, scaling from QCD suggests that the lightest composite
states beyond the Goldstone bosons will have masses in the 5 –
10 TeV range. In conclusion, if SUSY is dynamically broken
in a hidden sector, a very rich phenomenology will emerge at
future colliders.
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