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Minimal supergravity mediation of supersymmetry breaking has attracted much attention due to its
simplicity, which leads to its predictive power. We consider how Nature possibly realizes minimal
supergravity through inflationary selection of the theory. Minimality is impressively consistent with the
present observational bounds and it might be tested with the aid of low-energy soft parameters obtained in

future experiments.
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I. INTRODUCTION

The minimal supergravity (mSUGRA) [1] is a very
interesting framework, since it has definite predictions on
low-energy physics, which are well consistent with the
present observations. In particular, the absence of flavor-
changing neutral currents (FCNC’s) in the present experi-
mental precisions is one of the predictions of mSUGRA. If
mSUGRA is (approximately') realized in truth, we wonder
the reason of its selection by Nature, since it seems no more
symmetric than nonminimal supergravity in the presence
of a nontrivial superpotential, as is the case for the standard
model of elementary particles.

In this paper, we point out that supergravity effective
theory with a large cutoff scale M,(>M) may be chosen
by inflationary selection of background vacuum structures
[2], which implies a specific type of mSUGRA theory.
Here, M; is the reduced Planck-scale, M; ~2.4 X
10'® GeV. The large cutoff suggests relatively small gau-
gino masses, which in turn indicate masses of squarks as
large as a few TeV. In this parameter region, the mass of the
lightest Higgs boson is easily raised up to the current
experimental limit. In spite of the large stop mass, we
may naturally obtain the breaking scale of electroweak
symmetry at @(100) GeV [3,4] due to renormalization
group (RG) focus point behavior [5] of a supersymmetry
(SUSY) breaking soft mass of a Higgs boson.

The large-cutoff theories might be realized in various
corners of theory moduli space, or (string [6,7]) landscape.
We do not specify concrete construction of such theories
but simply assume their presence. The task in this paper is
not to achieve constructive realization of the large-cutoff
but to seek a plausible way to select it among vast possi-
bilities on the landscape.2

The rest of the paper goes as follows. In the next section,
we consider possible inflationary selection of minimality in
supergravity. In section III, we specify plausible boundary
conditions on gravity mediation of SUSY breaking. In
section IV, low-energy phenomenology is investigated by

"We use the term mSUGRA in an approximate sense and do
not mean the strictly minimal Kéhler potential in this paper.
2See the conclusion in Ref. [8].
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means of RG analysis. Section V is devoted to conclusions
and discussion.

II. POSSIBLE INFLATIONARY SELECTION

We are led by the following question: what is expected
beyond the standard model® as a typical structure of the
natural laws? We here consider inflationary selection of
background vacuum structures [2] and dwell on mediocrity
principle, which may prefer flatter inflaton potential [7,91.%

For concreteness of presentation, let us adopt a simplest
case of supergravity inflation model [10,11] as an example.
Namely, we consider a single-superfield model for slow-
roll inflation. In terms of a single chiral superfield ¢, an
inflaton ¢ can be provided by +/2 times the real part of its
lowest component. We adopt a natural superpotential5

W=vg — gl (1)

and a generic Kihler potential
K
K =16l + 1ol + -, @

where v%,y, k >0 and the ellipsis denotes higher-order
terms, which may be disregarded. Here and henceforth in
this section, we have taken the unit with a cutoff scale M.,
equal to one. Note that the small scale v? can be generated
dynamically [10,12].
The potential for the lowest component ¢ is given in

supergravity by

2

b o

K ?K \! w
V=exp(— H|——+ |DW|2—3‘—
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where we have defined

*We suppose the standard model as a prerequisite with its
presently measured values of the couplings.

“This is a terminology adopted by Vilenkin [9]: “We are one
of the infinite number of civilizations living in thermalized
regions of the metauniverse. Although it may be tempting to
believe that our civilization is very special, the history of
cosmology demonstrates that the assumption of being average
is often a fruitful hypothesis.”

>This form is protected by nonrenormalization or R symmetry.

© 2005 The American Physical Society



M. IBE, IZAWA K.-1., AND T. YANAGIDA

oW 9K W
DW= —+_—— —. 4
I I MZ @)

Thus, the potential of the real part ¢ is approximately
given by

K A
V(GD) = vt — §U4¢’2 - Eﬁon 5

for n=3 and 0<Avi o<1 with A/nl=
yv?/20/2=1 The parameters n, v, and A are potentially
under control by symmetry. Let us fix them hereafter, for
simplicity of argument.

We adopt slow-roll approximation [13]. The slow-roll
inflationary regime is prescribed by the condition

1 V()
o) =3(Moy ) =1 Imel=1 ©
V(e)
where
V'(e)
(p) = M¢ . (7)
7 Vi)
For the potential Eq. (5), we obtain
K Vil A T A
w =)
go v )2
—_ n R 8
(o) ®
Al 7= LA VR
M2 v n—-2n% -

as slow-roll parameters.6 These parameters, € and |7/,
characterize the flatness of the inflaton potential.” From a
viewpoint of mediocrity principle, some tuning for flatter
inflaton potential may be favored. For flatter potential, total

5Thus the slow-roll condition Eq. (6) is satisfied for ¢ = ¢y
where

w2 o (n = DN — kM7)
f v 4 M2
which provides the value ¢ of the inflaton field at the end of

inflation. An initial value ¢; of the inflaton field amounts to the
corresponding number N of total e-folding as [11]

@ Vi)
N = doM7? ——=
P Mo V/(QD)

’

- 1 In 1 — kM% N (n—1'k

" (n—2)kME {1 + (n — 2)kMZ, ( v telm 2)}

"The spectral index n, for fluctuations of the microwave
background radiation is given by [14,15],

M
n, —1—6E+27]"’1—2KX< G)
M.
The present observation ng =0.97 £0.03 [16] implies
(Mg/M.)*> =3 X 1072 for |k| =1 which corresponds to the
lower bound on M, as M, = 6 X M.
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amount of inflation becomes larger and inflation lasts
longer, even possibly turns out to be eternal, to result in
larger volume of habitable universe.

Small parameters € and || are achieved by tuning two
apparent factors for flatter inflaton potential. One is obvi-
ously the coupling «, which is small for small € and |7n|.
The other is the reduced Planck scale M, which is also
small for small € and |n|, provided radiative corrections
due to gravitational interaction controlled by M are loop
suppressed and affect the effective coupling « by at most
order unity for Mg =~ M. /4. This latter case is assumed
in the following discussion,® which corresponds to
mSUGRA with a large cutoff M, compared to the gravita-
tional scale M. It leads to a particular pattern of effective
Lagrangian parameters, whose details will be given in the
following sections.

In the remainder of this section, let us further see pos-
sible implications of the large-cutoff M, = 47M; on infla-
tionary selection of background vacua. For that purpose,
we consider multiple succession of inflations with each
inflationary stage naturally preparing the initial conditions
for the next stage [19]. The background vacua with mul-
tiple inflations seem to constitute remarkable ingredients in
inflationary selection, based on which we seek a typical
structure of the natural laws.

The point is that the tuning of the scale M; might
simultaneously realize successive inflations which are fa-
vorable according to mediocrity principle. This is to be
contrasted to multiple tunings of each coupling (« in the
above example) corresponding to each inflaton potential.

In the theory (moduli) space, the background vacua (i.e.,
particular theories) with small Kihler couplings and/or
small gravitational scale may induce inflation and be real-
ized in Nature, which is at the heart of the inflationary
selection.

III. PLAUSIBLE MINIMALITY

Motivated by the discussion in the previous section, we
assume a large-cutoff M, at an input scale Q,,, below which
we adopt the RG equations of the minimal supersymmetric
standard model. This hypothesis leads to mSUGRA theory,
since the large-cutoff suppresses higher dimensional op-
erators in the Kéhler potential. Before we explore low-
energy implications of our large-cutoff hypothesis in the
next section, let us set more detailed RG boundary con-
ditions at the input scale” around M; for gravity mediation
of SUSY-breaking.

8This seems possible in view of potential quantization [17] of
Newton’s constant in supergravity, though the size of the radia-
tive corrections may be sensitive to the structure of ultraviolet
phg/sws [18] and beyond the scope of effective theory approach.

We utilize the input scale Qy = Mgz or Oy = Mgyt on
occasion postulating that the ultraviolet contributions of RG
above the so-called GUT scale Mgyt =2 X 10'® GeV are not
significant.
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As usual, the minimal Kihler potential generates a
universal soft SUSY-breaking mass for chiral multiplets
Mgeatar = Mg. The universal scalar mass my results in the
universality of the scalar masses of squarks and sleptons in
the first two generations providing a solution to the FCNC
problem.

This minimality will be tested in the next generation
accelerator experiments by examining spectra of the
squarks and sleptons for my < O(10) TeV. Hence we re-
strict our attention to this range in this paper. In order to
attain sizable gaugino masses M;(i = 1,2, 3), we adopt a
singlet chiral superfield Z (Polonyi field) [20] with its F
term as the dominant SUSY-breaking source in the hidden
sector of gravity mediation. Note that the SUSY-breaking
scale can be generated dynamically without its cosmologi-

cal problem [12,14]. Then we obtain M;=
O(Mg/M.)ms, through the F term of
iZW- we, ©)
M* i i

where W,, and f;(i = 1,2, 3) denote field strength chiral
superfields for gauge multiplets and their order one coef-
ficients, respectively, and Z has a SUSY-breaking F term as
Fy =~ +/3m; /2M . Furthermore, the universal scalar mass
m can be expressed in terms of the gravitino mass ms, as
mg = m3,,. Namely, for M, ~4mwMg advocated in the
previous section, the spectrum of the supersymmetric stan-
dard model (SSM) particles has a hierarchical structure,
mqy 3> |M;|. For my = mj,, < O(1) TeV, gaugino masses
of O(Mg/M.)m3,, would be too small and thus we are led
to adopt an mSUGRA boundary condition my = O(1 —
10) TeV.

In addition to my and M,;, the Polonyi field Z in
mSUGRA also determines so-called A parameters of
SUSY-breaking. The A parameter for each (scalar)® cou-
pling is proportional to a universal A, parameter and the
corresponding Yukawa coupling constant for the minimal
Kihler potential. Since Ay is proportional to the vacuum
expectation value (VEV) of the Polonyi field Z, that is,
Ay = ((Z7)/Mg)my,, the assumption |Ag| = my is not so
implausible within a well-controlled expansion on Z/Mg
in supergravity effective theory.'”

So far, we have concentrated on the SUSY-breaking
parameters in mSUGRA. By virtue of the Polonyi field,
we also naturally obtain the supersymmetric Higgs mixing
parameter u of the electroweak order: the w term can be
provided through the Giudice-Masiero (GM) term [21] in
the Kéhler potential

KD %Z*Hqu, (10)

*

!The potential in supergravity has the ¢X/Mé factor, which
forces [(Z)| < Mg provided K = |Z|?. Note that such a range of
the A, parameter is adequate to avoid color symmetry breaking.
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which relates u to the SUSY-breaking parameters, where
H, ; denote the up-type and down-type Higgs superfields.
Then the parameter w is expected to be of the same order
of the gaugino masses: u ~ M; = O(Mg/M,)m3,,. This
GM term yields a specific form of the so-called B term,'"
which is given explicitly in section IV B.

IV. LOW-ENERGY PHENOMENOLOGY

In the previous section, we have proposed specific
mSUGRA boundary conditions: my = O(1 — 10) TeV
with a hierarchical structure'® mg > |M;]|, |u|. It is non-
trivial that the present scenario admits the electroweak
symmetry breaking at the correct energy scale, in particu-
lar, since masses of squarks, sleptons, and Higgs bosons are
very large at the input scale Q. Fortunately, the mSUGRA
boundary conditions turn out to be consistent with the
present observational constraints on the electroweak phys-
ics. In this section, we show numerical analyses which
indicate this consistency. For the sake of explanatory con-
venience, let us consider the case tan8 < 10 in the follow-
ings, though numerical estimates include results on the
case with smaller tang (see Fig. 5). Here, tanB8 = v, /v,
is the ratio of the two VEV’s of the neutral Higgs fields,
Vyud = <H0 d>'

u,

A. Consistency of the electroweak symmetry breaking

With large tang, the scale of electroweak symmetry
breaking tends to be controlled by the value of a SUSY-
breaking soft mass parameter m%,u (see Eq. (13) below) at a

relevant scale for the electroweak physics, to be called the
electroweak scale.
In mSUGRA, the running value of the parameter m%,u is

related to the original parameters mg, M;, and Ay by
m%,u = am} + b'IM;|* + c|Ag|* + d'Re(M;A]),  (11)

where the coefficients a — d' are scale-dependent func-
tions of dimensionless gauge and Yukawa coupling con-
stants.'® As discussed in Refs. [3—5], the coefficients a and
c are of order 1072 — 107! at the electroweak scale for the
pole mass of the top quark m; = 170 — 180 GeV, which
results in the RG focus point behavior.

The smallness of the coefficient a comes from a cancel-
lation between my (Qg) = my at the input scale O and

RG contributions at the renormalization scale Q:

"'Our convention for the Higgs mass parameters is given in the
Agpendix.

"2This hierarchy is natural in the large-cutoff theory with M, =
47M, whereas it requires at least O(M%/M?2) tuning (imple-
mented by some flavor symmetry) in the ordinary mSUGRA
theory with Mg as a cutoff scale, even if we presuppose
minimality to put aside the corresponding tuning.

? Approximate analytical expressions for the coefficients a —
d' can be found in Ref. [22], for instance.
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(a) m; =174 GeV
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FIG. 1 (color online).
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(b) m,=178 GeV
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The my dependence of m%,u at the stop mass scale Q = Q; forsgn(u) = +1 and for the top quark pole mass

(a) m; = 174 GeV or (b) m;, = 178 GeV. The solid lines correspond to M, = 200 GeV and A, = 0 GeV, the dashed lines M, =
300 GeV and A, = 0 GeV, the dash-dot-dotted lines M, = 200 GeV and A, = 0.5m, and the dash-dotted lines M,,, = 200 GeV
and Ay = my. The three lines of each type correspond to tanB = 10, 20, and 30, respectively, from below.

1 1
5‘1(Q)m(2) >~ — 3 _% (1 — Q) = —gm%;
mg = (my; +m} +m3 ) Qo) = 3m}, (12)
1 (o
L(Q) =—— 12]y,12(Q")d InQ/,
167T InQ,

where the subscripts Q3 and Uj; represent an SU(2), dou-
blet quark and a singlet up-type quark, respectively, in the
third family, and y, denotes the top Yukawa coupling
constant.'* In the first equation above, we use the fact
eMQ ~ 1/3 at the electroweak scale for m, =~ 170 GeV.

On the other hand, the smallness of the coefficient ¢ can
be traced to the RG evolutions of (scalar)3 coupling con-
stants A; - y;(i = t, b, 7). As the renormalization scale is
lowered from the input scale Q,, the A;’s become small
exponentially from A, and the contributions from the A
terms to the RG evolution of m%, become small. Thus, the
Aq dependence of m%,u at the electroweak scale (i.e. the
coefficient c) is relatively small.

As a result, m%, is suppressed compared to m, at the
electroweak scale for |M;| < my, |Ay| < m, and becomes
of the same order of the gaugino masses.

In Fig. 1, we show the m dependence of m%,” at a typical

stop mass scale Q = Q; = (m;m;)"/2. In this computa-
2 ar = M} at the

tion, we impose the boundary condition m_,..
GUT scale (i.e. Qy = Mgyr),"” and take a universal gau-
gino mass M; = M, ,, for simplicity. As expected, the
value of m%, is much suppressed compared to the corre-
sponding m3 for the case of |M;| < mg and |Aq| < my. We
have plotted it for two central values of the observed top

'“Here, we assume that the bottom Yukawa coupling constant
v, 1s negligible compared to y,. Even if y, = y,, the m insensi-
tivity of m%i is valid, although the RG contribution from the
bottom-type squark becomes important [5].

We assume that the change of the input scale from Mgyt to
M does not disturb the hierarchy |m% (Q;)| < m3. For in-
stance, this is the case in the grand unification scenario, since
10 D (Q5, U3) and 5 D (H,) have the same RG trajectory be-
tween the Mg and Mgyr in the limit of M; vanishing.

quark pole mass m,: one is extracted from the Particle Data
Group [16] m, = 174.3 £ 5.1 GeV and the other from the
recent CDF and DO results [23] m, = 178.0 = 4.3 GeV.

In the SSM, the parameter u is related to the Z° boson
mass mz by minimizing the effective Higgs potential, and
it can be expressed at the tree-level as

1 m%, — m?2 tan’3
—"71§p — d 5 u _ |/L|2
2 tan 8 — 1
2
M, 2 2
=~ < —m2 — |l 13
t3112[3 }L( lL ( )

Thus, m%, of the order of the gaugino masses manages to
generate the electroweak symmetry breaking at the correct
energy scale, or mz = 91.2 GeV, with the u parameter
naturally implied by the GM term (10). Here, the parame-
ters in Eq. (13) are regarded to be values at the electroweak
scale, while the RG evolution of u from the electroweak
scale to the input scale is negligible in order estimation (see
Eq. (A2) in the Appendix).

In Fig. 2, we show admissible values of the u parameter
which yield the observed value of m, = 91.2 GeV. To
determine the value of w, we have used the ISAJET 7.69
code [24], which takes into account the one-loop correc-
tions to the effective Higgs potential and the two-loop RG
evolutions of parameters.16 The minimization of the effec-
tive Higgs potential is also performed at the typical stop
mass scale O = Q;. We see that the value of u should be
much suppressed compared to my for |M;| < my, |Ay] <
my and hence it is consistent with our large-cutoff
hypothesis.

Let us comment on the falling-off behavior of the al-
lowed w in the very large m region in Fig. 2. This behavior
stems from a large cancellation between the suppressed m;
contribution and the remaining ones to the value of the u
parameter. In such a region, the u becomes very small due
to the cancellation.

'“The discrepancy of the value of the u parameter among
computational codes is discussed in Ref. [25].
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(a) m,=174 GeV
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FIG. 2 (color online).
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(b) m,=178 GeV
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The m dependence of w at the stop mass scale Q = Q; for sgn(u) = +1 and for the top quark pole mass

(a) m; = 174 GeV or (b) m, = 178 GeV. The notations for the lines are the same as in Fig. 1, except for the corresponding values of

tanB reversed in order: tan8 = 10, 20, and 30 from above.

From a cosmological point of view, the parameter re-
gions with tiny x4 may provide a natural explanation for the
observed dark matter density [26], since the lightest neu-
tralino is a bino-Higgsino mixture for such regions, and its
relic abundance is in a cosmologically interesting range.

B. Consistency of the tree-level B term

We have assumed the GM term as the origin of the w
parameter of the electroweak order. Then, the SUSY-
breaking Higgs mixing parameter B, is related to the A,
parameter at the input scale. For the term (10), the tree-
level relation is given by [21]

2A0 - 3m3/2

By = B§M =
0 0 AO - 3m3/2

m3/2. (14)

In this subsection, we examine how this condition is sat-
isfied in the electroweak physics.'’

To study the matching condition Eq. (14), we take the
following procedure: We first fix sampling values of
[mg, M;, Ay, sgn(w), tanB], and determine the required val-
ues of u and B that reproduce mz = 91.2 GeV. In addi-
tion to Eq. (13), we have a relation

_ sin2g
2

Bu (m, +miy, +2lul), (5

which is also obtained by minimizing the tree-level effec-
tive Higgs potential. By means of Egs. (13) and (15),'® we
can obtain p and B at the electroweak scale for the given
mSUGRA parameters. Then, from the value of B at the
electroweak scale, we compute the B parameter at the input
scale (i.e. By) and compare it with B(?M in Eq. (14) to see
whether or not the condition Eq. (14) is satisfied.

"7A similar analysis is performed in Ref. [27] for small m
regions.

"More precisely, their one-loop corrections are taken into
account in the numerical analysis below.

We find from Eq. (15) that the required value of B at the
electroweak scale is given by

2
my

utanB’
since m%,d ~m3 > Im%,MI, || and sin23/2 =~ 1/ tan for
tanB = 10.

In Fig. 3, we show numerical results on the value of B at
the stop mass scale Q = Q; as a function of m,. By
comparing it with the p parameter in Fig. 2, we find that
the value of B becomes very large when the value of w
becomes very small, as expected from Eq. (16).

On the other hand, from the relation Eq. (14), we see
BGM ~ my for |Ag| < mgy = ms,. Thus Eq. (16) implies
that the condition Eq. (14) can be satisfied for u ~
my/ tanB < my, since the RG evolution of B from the
electroweak scale to the input scale is not significant: the
RG equation of B is controlled by relatively small M; and A
parameter contributions (see Eq. (A3) in the Appendix),
and thus B ~ Bj. As a result, we find that the condition
Eq. (14) is satisfied in a certain parameter region.

In Figs. 4 and 5, we plot the contours of the values of B,
at the input scale Qy = Mgyt on the (mg, M, /, = 0) plane
with the fixed values of Ay =0, sign(u) = +1, and
tanB = 20, 10, 5,4 as demonstrations. In the figures, we
also show the value of u at the stop mass scale Q = Q;.

Before examining the contours of By, let us first under-
stand the behavior of w = constant lines in the figures.
Generic behavior of the w = constant lines may be seen
from the panels (b,d) in Fig. 4 and (a) in Fig. 5. The lines
are elliptic in small m regions (elliptic domains) and
hyperbolic in large mg, regions (hyperbolic domains).
They are parabolic in between (parabolic domains), where
the value of u is relatively insensitive to the variation of m,
with M/, fixed. In this perspective, the panels (a,c) in
Fig. 4 belong to hyperbolic domains (continued from para-
bolic domains), where the u = constant lines are hyper-
bolae (in the large tanS case in Ref. [4]); and the panels
(b,c,d) in Fig. 5 belong to elliptic domains (continued on
parabolic domains), where the p = constant lines are el-

~

(16)
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(a) m, =174 GeV (b) m,=178 GeV
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FIG. 3 (color online).  The m dependence of B at the stop mass scale Q = Q; for sgn(u) = +1 and for the top quark pole mass
(a) m, = 174 GeV or (b) m, = 178 GeV. The notations for the lines are the same as in Fig. 1.
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FIG. 4 (color online). Contour plots for the required values of B = B, at the input scale O, = Mgyt = 2 X 10'® GeV in the (m,,
M, ;,) plane for the top quark pole mass (a,c) m, = 174 GeV or (b,d) m, = 178 GeV and for (a,b) tan = 20 or (c,d) tan8 = 10. In all
the panels, we have fixed Ay = 0, sgn(u) = +1, and the solid lines correspond to By = 0.2m, 0.5my, my, respectively, from the left to
the right. The GM term implies the parameter regions on the By = B$M = my, lines (see Eq. (15)). The gray shaded regions correspond
to the parameters where the required value of w is smaller than 700 GeV, 500 GeV, and 300 GeV, respectively, from above. The dark

shaded regions at the bottom-left represent the Higgs mass bound 114 GeV[29], and the black shaded regions are excluded by the

chargino mass limit, m = = 104 GeV [30].
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FIG. 5 (color online).
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Contour plots for the required values of B = By, at the input scale Qy = Mgyt =2 X 10'® GeV in the (m,

M, ;,) plane for the top quark pole mass (a,c) m, = 174 GeV or (b,d) m, = 178 GeV and for (a,b) tanB = 5 or (c,d) tanf3 = 4. In all
the panels, we have fixed Ay = 0, sgn(w) = +1, and the solid lines correspond to B fixed as indicated. The GM term implies the
parameter regions on the By = BOGM = my lines (see Eq. (15)). The shaded regions correspond to the parameters where the required
value of w is smaller than 1200 GeV, 900 GeV, and 600 GeV from above in the panel (a); smaller than 2000 GeV, 1500 GeV, and
1000 GeV from the right in the panels (b,c); and smaller than 3000 GeV, 2000 GeV, and 1000 GeV from the right in the panel (d). The
dark shaded regions at the bottom-left represent the Higgs mass bound 114 GeV [29], and the black shaded regions are excluded by the

chargino mass limit, m - = 104 GeV [30].

lipses (in the small tan3 case in Ref. [4]). We note that such
behavior may be obtained from Eqgs. (11)—(13), with the
stop mass as the renormalization scale’ Q = Q7 ~ my.
Now, by inspection of By = BS™ = my lines due to the
GM term (10) for Ay = 0 (see Eq. (15)) in the figures, it is
apparent that the large-cutoff theories with mgy >
|M 5], || correspond to those lines along the hyperbolic
domains in Fig. 4 with moderate tang. In particular, the
lower ends of the By = my lines are in small M|/, regions

P contrast, the RG focus point behavior manifests itself
under the m, independent choice of the renormalization scale
Q with the focus point given by a(Q) = 0 in Eq. (11) [5].

with mg of a few TeV, which may be within the reach of
accelerator experiments in the near future.

More generally, the figures imply that, in the large-cutoff
theory, the tree-level relation®® of the GM term (10) in
mSUGRA can be satisfied for various parameters with
mq > |M;|, ||, which are consistent with the present ob-
servational bounds. Hence we conclude that the GM term
works very well with our large-cutoff hypothesis.

2OThis tree-level relation may suffer from possible corrections
of order M;/M, at the input scale, which, we hope, is to be
compared with future experimental results.
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V. CONCLUSIONS AND DISCUSSION

Gravity-mediated supersymmetry breaking and primor-
dial inflation are expected to open windows into the
Planck-scale physics through observations on superpartner
spectra [1] and on temperature fluctuations of cosmic
microwave background radiation [13]. In this paper, we
have discussed realization of the large-cutoff theory in
supergravity, which is possibly selected through inflation-
ary dynamics. This large-cutoff hypothesis implies an
mSUGRA spectrum with a large hierarchy between the
universal scalar mass and the gaugino masses, my > |M;].
Very encouragingly, despite of relatively large masses of
scalar particles, the electroweak symmetry breaking can
occur at the correct energy scale with m > |u| in phe-
nomenologically viable parameter regions.

In the large-cutoff hypothesis, the absence of the FCNC
process is automatic, since all of the corresponding higher
dimensional operators in the Ké&hler potential are sup-
pressed by the large cutoff M.. In addition, with the current
chargino mass bound, the hierarchical spectrum m, >
|M;], || predicts heavy sfermions at a few TeV, and hence
the CP problem in the SSM is ameliorated. In most of the
parameter region (my > |M,|, |u|) we are interested in,
the lightest supersymmetric particle is a neutralino, which‘

PHYSICAL REVIEW D 71, 035005 (2005)

is a good candidate for the dark matter (see also the remark
at the end of section IVA).

Finally, let us comment on the origin of matters in the
universe in the present scenario. The hierarchical spectrum
implies that the mass of the gravitino is of the order of a
few TeV. In this case, the primordial abundance of the
gravitino should be suppressed not to disturb the Big-
Bang Nucleosynthesis, which implies the reheating tem-
perature T < 10°°7 GeV [28]. Hence, the baryon asym-
metry must be provided at the corresponding low
temperatures, 7 < 10977 GeV.
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APPENDIX: NOTATION FOR THE HIGGS
POTENTIAL

In this appendix, we list our convention for the Higgs
mass parameters. We adopt the following form of the
effective Higgs potential at the tree-level:

V= (lul® + mi JH? + [H D) + (wl? + mi JHJ? + |H; 1*) + {Bu(H, H; — HOHS) + c.c.}

1 o1
+ EgZIHJHS* + HYH "> + g(g2 + g (HI* + |H 1 = |HY)? = |H 1),

where the superscript (0, +, —) of each field denotes its
electric charge, and g and g’ denote the SU(2)y and U(1)y
gauge coupling constants, respectively. With this conven-
tion, the RG equations for the w and B parameters are
given at the one-loop level by

d —_ M
dino ™ Tem?

Gly,* + 3lypl* + |y, 1> — 38* — g"),
(A2)

(A1)
4 g L (6l + 6A,ly, 12 + 24y,
dan 167T2 e blVb 71T
+ 6g*M, + 2g”M,), (A3)

where A; - y; (i =1t b, 7) denotes the (scalar)3 coupling
constant that is the supersymmetric counterpart of the
Yukawa coupling y; for each flavor ¢, b, or 7.
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