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INFLATION AND OTHER COSMOLOGICAL ASPECTS
OF SUPERSTRING INSPIRED MODELS

Mary K. Gaillard

Lawrence Berkeley Laboratory and Department of Physics
University of California, Berkeley, CA 94720

Investigations of the possibilities for inflation using the four dimensional models in-
spired by superstring theory is reported and discussed in the context of related work.

Introduction. Attempts to realize a successful in-
flationary scenario have led to the elaboration! of
a number of conditions that must be met in the
standard field theoretic context where a period of
exponential expansion arises from a nonvanishing
vacuum energy associated with the vacuum ex-
pectation value (vev) of some scalar field ¢, called
the inflaton. Among these conditions are

1) A sufficient number of e-foldings

N, =~ HAr265 (1)

to solve the flatness and horizon problems. In Eq.
(1) Ar is the duration of the inflationary epoch
and

H= % = [ ——=/Mpiancs (2)

is the value of the Hubble constant at the start
of inflation, and is dominated by the vacuum en-
ergy V(¢o) stored in the false vacuum < ¢ >qp=
#0. 2) Density fluctuations §p/p arising from spa-
tial fluctuations in the scalar field ¢ during infla-
tion should be small enough to be consistent with
the observed homogeneity in the microwave back-
ground and, ideally, large enough to account for
galaxy formation:

Sp/p~10"% - 1074 (3)

In the case that there is a post-inflationary source
of density fluctuations such as cosmic strings, Eq.
(3) can be reinterpreted as an upper limit:
bp/pS10™4.

The inflaton potential V(¢) is roughly char-
acterized by two parameters: the value o of the
inflaton ¢ at the global minimum of the zero tem-
perature potential,

V'(e) =0=V(o), (V(¢) 20), (4)

where the second equality in (4) is assumed to
assure a vanishing cosmological constant today,
and the value

u* = V(go) ()
of the energy density stored in false vacuum at
the onset of inflation. Typically, the quantities
N, and 8p/p in specific inflationary models are
determined by the parameters o and u as

Ne=o™/u", bp/p=u™ /o™, (6)

where m, n, m', n' are small positive integers. Since
we require large N, and small §p/p, the constraints
(1) and (3) are usually met by choosing?! large o
and small u:

o~1,p~10"*-10" (7

in Planck mass units (that I shall use throughout
unless otherwise specified: mp = (87Gp)~1/2 =
2x 10'® GeV = 1), with a potential that is rather
flat over a broad region,

V(¢) ~ “‘v ¢OS¢S¢¢) ¢l - ¢0 ~ 1, (8)

80 that the vacuum energy density remains ap-
preciable until the field ¢ rolls to and “end-of-
inflation” value ¢, after which it rapidly falls (via
damped oscillations) to its true ground state value
0. As u characterizes the self-couplings of the in-
flaton, the small value (7) of u implies that it is
very weakly coupled.

The required properties of the potential are
most easily implemented in the context of N = 1
supergravity, As this theory is not renormaliz-
able, the potential is an a priori arbitrary func-



tion of ¢ and so can be adjusted to the desired
shape, albeit with considerable fine tuning. In ad-
dition, once one introduces a gauge singlet field
that couples to ordinary matter only with inter-
actions of gravitational strength, there is a nat-
ural mechanism for satisfying a third criterion!
for a successful inflationary scenarios, namely: 3)
Baryogenesis. The reheating temperature after
inflation must be sufficient to allow for an out-of-
equilibrium distribution of heavy particles that
can generate a net baryon number in their de-
cays. If the inflaton has only (generalized) grav-
itational couplings, it will decay into the heavi-
est particles that are kinematically available, thus
possibly producing the desired result.

The bad news for supergravity models is their

failure, in general, to fulfill a fourth criterion,
namely to insure initial conditions conducive to

an inflationary epoch, that is,

4) The thermal copstraint. In renormalizable the-
ories the high temperature potential is modified
by quantum corrections that add a term A@*T3,
A > 0, to the effective potential. In a non-re-
normalizable model the leading high temperature
correction is of the form f(¢)7'? where f(¢) can
be an arbitrary function of the inflaton field since
the functional form of the tree Lagrangian is ar-
bitrary. In many supergravity models the leading
high temperature correction to the potential takes
the form:3

AV(4,T) = T—IEN-(V(T =0)+ 0(1/N)),

where N is the total number of chiral supermul-
tiplets (N 250 for a realistic model), so the mini-
mum at high temperature is not significantly shift-
ed from the true vacuum.

There are other problems? that must be avoided
in a successful inflationary scenario, for example,
an excessive production of gravitinos during infla-
tion. In this talk I will focus primarily on points
1, 2, and 4. I will describe work® in collabo-
ration with Binétruy, and related work*~® that
has addressed the question as to whether the lo-
cally supersymmetric models suggested by string
theories” ® have the right ingredients to satisfy
these criteria. I will also comment on the prob-
lem of baryogenesis. )

Superstring inspired models. These models pos-
sess several of the desired features for a successful
inflationary cosmology. They contain!®! a num-
ber of gauge-singlet scalars that couple to ordi-
nary matter with gravitational strength. Among
these are a dilaton ¢ and the “breathing mode”

€ which, together with axion-like fields g and A,
form the complex scalars

S = ¢ ¥4 + 3iv2h
T =¢'¢ - iv2B +kly/* (9)

of two chiral supermultiplets. In (9) |y|* = & |w:/|?,
§ = 1,--- N, where the y; are the scalar compo-
nents of N chiral (gauge non-singlet) matter su-
permultiplets. Among the possible gauge singlets,
the fields S and T in (9) have received the most
attention in studies of phenomenology.
Superstring inspired models further embody

naturally flat directions in the spin-zero field space.

The scalar potential!® is a sum of terms of the
form :

1 i
MU Y rr o A

G(y) (10)

where G(y) ~ y* + higher order terms, and n is
an integer: n = 1 — 3. G(y) is either a D-term,
implied by supersymmetry from gauge couplings,
or an F-term, derived from a superpotential,!®
W (y) ~ y*+ higher order. G(y) is positive-semi-
definite, so the minimum of the potential occurs
for y; = 0, with S and T undetermined.

In addition, the Eg models® inspired by the
heterotic® string include among the matter fields
y singlets N of the observed gauge group SU(3).x
SU(2)r x U(1) that have flat directions at least in
the F-terms of the potential because it is derived
from a superpotential W (y) that does not allow
terms W 3 N3; such terms are forbidden by extra
U(1)’s of the low energy gauge group.’

In a realistic model the vacuum degeneracy as-
sociated with these flat directions must be lifted
because supersymmetry and any additional gauge
U(1)’s must be broken. Supersymmetry could be
broken by non-perturbative effects. In the het-
erotic string inspired models there is a hidden
sector described by a pure N = 1 Yang Mills the-
ory with Eg or some sub-group thereof as gauge
group. The hidden sector is infrared strong and
its gauginos acquire a vev < A\ >3 0 at some
scale A, < Mpians; this vev is characterized by a
parameter A. In addition the 10-dimensional the-
ory includes a totally antisymmetric tensor that
can have a nonvanishing vev < Hppp ># 0 (where
m,n,p are Lorentz indices in the compactified
6-space), characterized by a constant ¢ that is
in fact a quantized number that depends on the
topology of the compactified manifold.

Either ¢ # 0 or h # O breaks supersymmetry.
When both of these parameters are nonvanishing,
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the additional term induced in the potential takes
the form of a squared quantity such that the S-
field (which enters because it couples to all gauge
and gaugino fields) can acquire a vev such that
the (tree level) potential still vanishes at its min-
imum. Specifically, the effective tree potential in
four dimensions acquires a term:

1 1 x
(S+8)(T +T* —kly*)®

V>

W) +¢+h1+a) e (1)
where
«=3ReS[by, f=3ImS/by (12)

and by determines the A-function of the hidden
gauge group. The term (11) fixes the vev of S,
but T remains undetermined at tree level, and so
also the gravitino mass, proportional®® to (T +
T.)—Slz.

I will first assume that ReT, and the gravitino
mass mg, are somehow fixed and study the po-
tential as a function of 5. I will discuss later the
possible determination of ReT. Setting T at its
presumed ground state value and y =< y >=0,
we obtain the potential for the S-field.

V(op) =u2[1+ (1 +a)e

- .5(1 + a)e“'/’cosﬂ/"a’]. (13)

where ag = 3/4rbacyr and Py = 4wn are the
ground state values of a,8, Eq. (12), and we
have chosen ¢ < 0 to avoid CP violation through
the coupling!® (ImS)FF where F is the gauge
field strength. < ReS > determines the gauge
coupling acyr at the scale of compactification
through its coupling to the gauge-gaugino super-
multiplet. The parameter é in (13) is the ratio of
vevs:

é=—c/h=(1+ ag)e™®/? (14)
and the energy that might be stored in a false
vacuum is governed by the scale u:

mx1+ ag)t/?
ufme = [72212) (13

which has the desired order of magnitude p ~

10~% for mgz ~ 10'* GeV and agyr = 0.3. This
is a rather larger gravxtmo mass than in conven-
tional SUSY and SUGRA models such as those
considered in the previous talk by Ovrut, and one
might worry about the stability of scalar masses.
It has been shown!¢!® that in these models scalars

remain massless at one loop. Gauginos apparent-
ly'® acquire masses my ~ m~/ 167r*m}, suggest-
ing that scalars should acquire similar masses at
the 2-loop level that can be below a TeV for mg
as high as 10'? GeV.

Is § the inflaton?  Setting @ = ay, the poten-
tial (13) for 8 becomes

V (a0, 8) = 4p*sin? 8. (16)

Finite temperature quantum corrections to (17)
do not shift the position of its minimum?, so the
thermal constraint cannot be satisfied. If one as-
sumes that some other mechanism stabilizes field
B at an initial value Bo = 47n + 27, one finds® for
the number of e-foldings during which the vac-
uum energy density dominates (ag > 1, see fig.

1):

ap p
N, = lnsm ( 76 p) << 65.

Ig__g___hghmﬂ‘j_o_n,_ This possibility was briefly con-
sidered by Maeda and Pollock! who concluded
that the potential did not satisfy the slow rollover?
criteria. In ref. 3 the potential (13) was consid-
ered in more detail. Setting 8 = fo, the potential
(13) for a takes the form

V(e f0) = w2201 - 16(1 +a)e P (17)
which is plotted in Fig. 1 for representative values
of & The potential (17) vanishes for @ —+ oo, a
general feature!” of potentials generated by non-
perturbative SUSY breaking. Then the initial
value of a could fall to the right of the maxi-
mum o, and subsequently roll off to infinity. One
possibility for avoiding!®® this disaster is the exis-
tence of Q-balls!® in the early universe, where Q is
the charge associated with the nonhomogeneous
transformation s — s+1+. @-balls are spatial vol-
umes with nonvanishing < 8,83*8' > and hence

net charge Q. Because of the non-canonical form
of the kinetic energy:

1 o = L 1(5a)?
Lxe = ma LSI*S* [(a )2 + (86)*)
(18)

that couples a to the kinetic term for S, this
vev induces!® an effective potential for a, propor-
tional to Q(S+5°)? that can drive « to zero. This
mechanism might suffice to fix the initial value at
o > ag.

The conventional mechanism for establishing
initial conditions conducive to inflation is through
quantum corrections to the finite temperature po-




tential. In the model considered here, the finite
temperature corrections to the potential are pos-
itive definite and of the form:3

2
AVp(a,T) = %[(2N+Nc+16)V(a,T = 0)+0(1))]
where Ng is the number of gauginos. Since N and
Ng are both large (0(10?)) numbers the minimum
of the potential cannot be significantly shifted at
high temperature.

In the context of other inflationary supergrav-
ity models, Holman et al.?® have stressed that
scalars with interactions of only gravitational
strength are thermally decoupled below the Planck
mass down to temperatures well below that at
which the energy of the false vacuum should dom-
inate. They argue that such a system - in the
present case S, T — should be treated as a closed
system isolated from the rest of matter. If, fol-
lowing this line of reasoning, we compute the high
temperature corrections neglecting the gauge and
chiral degrees of freedom (although it seems diffi-
cult to argue that they would not reappear through
precisely the quantum corrections we are consid-
ering) we obtain the result of eq. (19) with N =
Ng = 0, in which case the 0(1) term can be com-
petitive with the term proportional to V(a, T =
0). It turns out® that this truncated potential
tends to stabilize the initial value a; of a near
the inflection point (Fig. 1b) or second local
minimum (Fig. 1¢), a; for the parameter range
0.937<é < 1.

It is clear from inspection of Fig. 1 that, what-

ever the origin of the initial value oy, the only

chance for an acceptable inflationary scenario is
for just this range of parameters with oy =~ aj.
If instead we assume o; = a3, where aj is the
position of the maximum a3 > ag for any é, do-
mains of both @ < a; and a > a3 will form as
the universe cools; the latter will expand indefi-
nitely and ultimately dominate. For similar rea-
sons chaotic?! initial conditions would not appear
to induce inflation for the potentials of Fig. 1.
We therefore assume

E=.937T+66<1, o=a. (20)

As we let é — 1, the energy stored in the false vac-
uum becomes too small to be useful and the bar-
rier to be tunnelled across becomes dangerously
large. The analysis of Hawking and Moss?*? shows
that the effective mass m3 (o) = 6’V(a)/8a’l

should be limited to

mi(a;1) < 2H? = 2V(ay)/3m}. (21)

When the bound (21) is exceeded tunnelling is

. too slow for nucleation of the bubbles of true vac-

uum to occur and one encounters the difficulties
of “old” inflationary models.! For é = 1, is an
inflection point: m3(a;) = 0. As we turn on
é& > 0,m2(a;) > O and the bound (21) is satis-
fied only for

6é<3x107* (22)

which requires strong fine tuning of the poten-
tial. In fact é is not a parameter to be tuned.
It depends on the topology of the compact man-
ifold (c) and the on the hidden gauge group (h);
Eq. (22) is the statement that successful inflation
requires very specific values for these parameters.

Assuming optimistically that é is very close to
the critical value .937, the number of e-foldings!

a 3H*a)

Ne=- o 2a3V'(a)m}

da (23)
can be calculated. Taking 6¢ = 0 and o = a4
gives® N, > 65 for ps/mp<0.14, which is not
a stringent constraint on u. However, a successful
inflationary scenario is still not established. Since
V(a1) > V(az)in Fig. 1b, (or 1cif 6¢ < 3x1074),
there is a danger that a would overshoot the bar-
rier at a3 if the friction due to the expansion of
the universe is insufficient to prevent the classi-
cally rolling field from reaching the value as.

Finally, we must consider the initial condi-
tions that determine the shape of the zero-tem-
perature potential itself. The gaugino condensate
of the strongly coupled hidden gauge sector forms
only below a critical temperature T =~ A,. On the
other hand the parameter ¢ can take only discreet
values that can change by vacuum tunnelling. In
Ref. 3 we followed Rohm and Witten?® who argue
that as long as < AX >x h = 0, the H-vacuum
chooses the lowest energy SUSY preserving con-
figuration < H >= 0, and at h # 0,< H >
follows by tunneling so as to again achieve a van-
ishing vacuum energy. Thus in Ref. 3 it was
assumed that A = ¢ = O above the critical tem-
perature T, =~ A, and h,¢ # 0 below T.. When
the gaugino condensate first forms there will be
energy stored in the false H-vacuum, but pre-
sumably tunnelling will occur too rapidly to allow
for significant inflation; otherwise one could en-
counter the nucleation and inhomogeneity prob-
lems of “old” inflation.

Ellis et al.® assume that < H > is fixed at
its present non-zero value above the critical tem-

(v



perature T, and treat < X\ > as a temperature
dependent quantity. Then [¢] = |¢/A| decreases
with temperature so the potential has a time de-
pendent shape that for é(T') < 1.21 runs back-
wards from Fig. 1f towards Fig. 1la, ending at
the potential for é(0) = é&. They argue that for
¢(T) = 1.21 a would be stabilized at of, (Fig.
1f) and evolve through o (Fig.le) to «, (Fig.
1c) where it could be stabilized with nonvanish-
ing vacuum energy before tunnelling 3 la Hawking
and Moss?? to the zero temperature ground state
value ay. Their scenario also. requires é close to
0.937, with a similar fine tuning condition.
Is ReT the inflaton? To consider this possibility
requires knowledge of the effective potential for
the T-field that determines its ground state value
and thus the gravitino mass. The vacuum degen-
eracy is lifted’%!® by one loop quantum correc-
tions which must be regularized by the introduc-
tion of a cut-off of order of the condensate scale
Ac. In ref. 15 the effective one-loop potential was
calculated neglecting terms of order (m?(4$)/A3)
where m?(4) are field-dependent masses. This po-
tential has a global minimum at a finite value of
ReT which determines the relevant scales of the
theory as a function of agyr and by. For a range
of these parameters such that mgpr < Mmpiancs,
one finds'® ms > 10'® GeV. The results of Ref.
16 suggest that this would entail gaugino masses
m; ~ m% /16x% ~ 107 'mp =~ 107 GeV and hence
a Higgs scalar mass myg ~ mg\/Goear/41210°
GeV. In addition, the parameter (15) that gov-
erns the scale of the false vacuum has in this
case a value u/mp=0.05 for é = .937(ay = 2.8)
which would lead to excessive density fluctuations
for the S-inflaton scenario. It was subsequently
argued?! that, since the.values m(¢) at the min-
imum are comparable to A., one should keep the
full cut-off dependence in the effective potential.
It turns out that the O(m?/A3?) terms destabilize®
the potential in the direction ReT — 0, mg — oo.
Since when these corrections are included there
is no longer even a local minimum in the region
m(ReT) < A., the potential for ReT must be
considered as unknown at present.

Maeda et al.® nevertheless assumed an effec-
tive potential

V(¢) = Vrree(#) + Vaa (@) + constant.  (24)

*However, contributions from loop moments AJS Iplz
Smyp may restabilise the potential®®.

where Vg is the one loop contribution calculated
in Ref. 15 that has a negative cosmological con-
stant which is cancelled by the constant added
in (24). Maeda et al. argue that as long as
S x (a, ﬂ) # (a(), ﬂo), VTMC(¢) is nonm.ls}ling
and will drive (c.f. eq. (11)) ReT towards infin-
ity. Once < S > has settled at its ground state
value, ReT will roll to its ground state. They find
that the conditions for successful inflation are sat-
isfied for a broad range of the parameters ¢ and A.
However, as the authors of Ref. (6) note, the
ansatz (24) does not satisfy the general result!?
that the potential should vanish as ReT — co.

Is a matter field (N) the inflaton? In the heterotic

string inspired models matter fields fill fundamen-
tal 27 representations of Eq that include two sin-
glets (N and N’ or +* that I will generically call
N) of the observed gauge group. The renormal-
izable F-terms have flat directions for N # 0,
but the D-terms are not flat in the N 3 0 direc-
tion if all matter fields transform as 27’s. How-
ever, the effective low energy theory may con-
tain 27 + overline27 pairs in addition to the 27’s
that comprise the standard families. The direc-
tion N = N # 0 is a flat direction for the D-

term of the potential as well as of the F-term.

This degeneracy shoulid be lifted by effective non-
renormalizable terms in the superpotential that
arise?® when one integrates out the heavy degrees
of freedom of the theory. These give an effective
potential of the form:

Vig ~m?(IN[* + 7))
+ 22, (NN + ]
+D—terms +--- (25)

with n > 2. The potential (25) includes a SUSY
breaking mass term for scalars that is probably!®
of order m ~ mY/16x*m}. The squared mass
parameter has a logarithmic dependence on the
field strength [N| and, for suitable N-couplings,
approaches a negative fixed point —m}, trigger-
ing a vev for N(N). Since one expects all scalars
to have comparable SUSY breaking masses, we
require m} ~ (m?, to (1 TeV)?) if the Higgs mass
is to be in the range required for the observed
Higgs vev without strong couplings. This means
that a U(1) gauge invariance is broken at a criti-
cal temperature T, ~ (mw— 1 TeV), while quan-
tum corrections stabilize the field at N = 0, for
T > T.. The onset of inflation occurs when the
vacuum energy density dominates over the radia-

i




tion density, i.e. for T; ~ (Vo)*/* =~ uo, and infla-
tion continues until the critical density T for the
symmetry breaking phase transition is reached.
Since the temperature drops exponentially during
inflation (T = T;e~7*) the number of e-foldings is
given simply by 3

N, = In(T;/T.) = In(uo/mw) ~ 6 —16  (26)

for ng > 2, which is insufficient to solve the flat-
ness and horizon problems. Another possibility
is that the flat directions are lifted only by non-
perturbative effects on the string world sheet?” in
which case the effective coupling A,y in (25) is of
order exp(—2 < ReT >), increasing® the number
of e-foldings (26) by about 1/4 < ReT > which is
still insufficient for plausible values of < ReT >,

If the inflaton field decays rapidly after the
end of inflation the fractional entropy increase is
related to the number of e-foldings by s;/s; =
e3Ve ~ 10® - 10% for the range (26). However,
since with the above choice of parameters N is in
fact weakly coupled to ordinary matter, the en-
tropy release can in fact be considerably larger.?®
Such a late (TST. ~ mw) entropy release has
raised the issue?®2? as to whether the phase tran-

sition associated with an intermediate scale may -

cause serious problems for standard cosmology.

It has recently been pointed out?3% that the
phase transition will actually occur at a much
higher temperature. The one-loop quantum cor-
rections to the finite temperature potential can be
expressed as AV (¢, T) = T, vi(m;(¢),T) where
the index ¢ runs over all spin and internal sym-
metry degrees of freedom and m;(¢) is the appro-
priate field-dependent mass. For T? >> m?(¢)
this expression reduces to the usual high temper-
ature approximation

T , 1 ; T,
vw=-gr-g-(=)")+ Za™(9), (27)

where F; is fermion number. The point is?*% that
(27) is an approximation valid only in the high
temperature limit, while the exact expression falls
rapidly to zero as soon as m?(¢) > T2. For fixed
T the potential possesses a barrier enclosing the
false vacuum (the origin for the N-fields ) and
coincides with the zero temperature potential for
values of the scalar fields ¢ such that m}(¢) >>
T. As the temperature decreases the position of
the barrier moves closer to the field origin. As
soon as it is close enough that thermal fluctua-
tions are sufficiently large (A¢ = O(@iarmier)) to

“spill” the field ¢ over the barrier with a sig-
nificant probability, domains of true vacuum will
form. If this “spill-over” occurs during an infla-
tionary epoch (caused presumably by some other
scalar sector; in this case A¢$ ~ H) domains of
true N-vacuum could grow large enough to en-
compass our present observable universe with no
need for a later phase transition.®

Other gauge-singlet fields? The models inspired
by superstrings contain additional structurerelated
gauge singlet chiral supermultiplets namely?® by
fields T(® = ¥ ++¢3(*) and b,, fields C(*) where
b11 and by, are topological numbers. One of the
by T® fields is the T-field discussed above for
which there is no superpotential at tree level and,
in fact, all the 8*) are axion-like objects, imply-
ing that, at tree level at least, there can be no
superpotential for the T(*} fields. On the other
hand, the ground state values of the C(®) are de-
termined by < H > which fixes the cohomology
class of the the complex structure of the com-
pact manifold, so there is a tree level potential
for these fields. In the absence of a model for the
shape of the potential, this possibility cannot be
analyzed further. :
Baryogenesis. In superstring inspired models, the
baryon number violating X-bosons, responsible
for baryon decay in standard GUTs, have masses
of the order of the Planck scale. They cannot
play any role in generating a net baryon num-
ber for the observed universe if there is infla-
tion in the epoch T' < mp where the effective
four-dimensional theories are valid. These four-
dimensional theories allow two distinct scenar-
ios: one with an “intermediate scale” associated
with lifting the flat direction in N-space, and
one in which there is no intermediate scale, with
< |N| > of the order (albeit higher by a factor of
at least 2-3) of the electroweak scale.

In models inspired by the heterotic string left
handed components of matter fields fall into 27-
plets of Eg: 27; = (5+10+5+5+ 1+ 1), under
SU(5). The 5+ 10 represent ordinary quarks and
leptons and their sfermion partners; 5+ 5 contain
the SUSY standard model Higgs doublets H, H
plus their color triplet, SU(2). singlet, counter-
parts (g,3), and two SU(5) singlets (N). The su-
perpotential must contain a term W (¢) > ggnN
that gives a mass to the color triplets ¢ when N
acquires a vev. In addition, there are F4 allowed
terms W(¢) 3 ggg+9gl+--- that when combined
can generate proton decay. If there is no interme-
diate scale, m, ~ mw, discreet symmetries in the

g
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effective low energy renormalizable theory must
be invoked to forbid couplings which would allow
fast nucleon decay. Then one finds®! that observ-
able proton decay can proceed only if there are
extra 27's as well as yet more gauge singlets!!
(remnants of the Ejs gauge fields). This picture
allows little prospect for post-inflationary baryo-
genesis via the standard mechanism of decaying
color-triplet, super-heavy bosons.

If there is an intermediate scale with large
vevs for the N-fields yielding very massive g,3,
their baryon/lepton number violating couplings
can be allowed at tree level. Then the scalar
members of these supermultiplets can play much
the same role as the color-triplet Higgs of ordi-
nary {or SUSY) GUTs, except that their cou-
plings are not constrained by low energy data.
Unless the couplings responsible for nucleon de-
cay are somehow suppressed, limits on the nu-
cleon lifetime probably require that they be too
heavy to have been produced in sufficient abun-
dance for efficient baryogenesis during postinfla-
tionary reheating. The reheating temperature is
bounded by TrSu<S105° ~ 10'® GeV, and is ex-
pecied to be considerably lower for a very weakly
coupled inflaton whose oscillations are strongly
red-shifted before it can decay.

One can forbid nucleon decay by imposing
lepton number conservation. Then baryon num-
ber violating processes could be mediated by ob-
jects sufficiently light to be copiously produced
during post inflationary reheating. The problem
is then to generate the out-of-equilibrium abun-
dance necessary for their decays to generate a
baryon asymmetry. A possible mechanism noted
recently’ is the dependence of the g-mass on the
value of < N >, For N = 0 the g’s are massless,

with a mass that increases as N rolls towards its
true ground-state value, and oscillates as the field
N oscillates and decays. If the N-phase transition
occurs after or near the end of inflation, an out
of equilibrium g-distribution could be generated.

The difficulties for efficient baryogenesis have
led some authors ‘o consider alternatives that do
not require explicit baryon number violating cou-
plings. One approach®® is based on the observa-
tion that instanton effects related to the anoma-
lous baryon number and lepton number currents
in the standard model are unsuppressed at high
temperature and could have been important in
the hot early universe. Another suggestion® is
that immediately after inflation squarks and lep-
tons may have had large vevs; a significant baryon

asymmetry could be generated as this system
evolves to the true vacuum state..

Baryogenesis could proceed according to con-
ventional mechanisms if inflation took place at
a temperature T2mp, prior to or during com-
pactification. This possibility has been studied*
but a convincing mechanism has not yet been
found within the superstring context. If there is
not an inflationary epoch after compactification,
one is faced with the usual graviton, gravitino,
monopole and domain wall (in particular those
topological defects arising from compactification)
problems.
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