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Hubble-induced radiative corrections and Affleck-Dine baryogenesis
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We examine the viability of the Affleck-Dine mechanism for baryogenesis under radiatively induced running
of soft breaking (mas$)of the flat directions stemming from a nonzero energy density of the inflaton during
inflation. A major difference from analogous phenomenological studies is that the horizon radius provides a
natural infrared cutoff to the quantum corrections in this case. We identify different scenarios which may arise
and point out that thél L flat direction remains the most promising flat direction, since it is largely indepen-
dent of uncertainties about high scale physics and details of the inflationary model.
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[. INTRODUCTION be realized at the tree level in simple extensions of minimal
supergravity modelf8,9], and from one-loop corrections to
The Affleck-Dine (AD) mechanism[1] provides an el- the Kahler potential in no-scale supergravity modgl4].

egant model for generating the observed baryon asymmetry A detailed examination of the scenario with (mdss)
of the UniversgBAU) in the framework of supersymmetry; — H2, including a systematic treatment of nonrenormalizable
alternative scenarios include grand unified the¢®UT)  superpotential terms which lift the flat direction, has been
baryogenesi$2], electroweak baryogenedid] and leptoge- performed in Ref[9]. Let us denote the AD field describing
nesis[4]. In this scenario some squarks and/or sleptons ac& generic direction in the scalar potential of the MSSM
quire a large vacuum expectation valQ0g=V) along a flat  which is D- and F-flat at the renormalizable superpotential
direction of the scalar potential of the minimal supersymmetlevel by . This flat direction is lifted by a term in the
ric standard modgMSSM) during an inflationary epocfior ~ superpotential of the form
reviews, se¢5]). A baryon(or lepton number violating op-
erator induced by new physics at a high scale and a large A®"
(spontaneous)yC and CP violating phase, provided by the W2 Amn-3’ @)
initial VEV along the flat direction, together with the out of

equilibrium condition after inflation, satisfies all three re-\\hore @ is the superfield comprising and its fermionic

quirements for the generation of baryon asymmeily The o 1iner M is the scale of new physics which induces the

“AD field” describing the flat direction starts oscillating o10ve term. ands. is an O(1) number. Supersymmetry
L n .

once its mass exceeds the Hubble expansiontat the 1y oaying by the inflaton energy density and by the hidden
same time some baryon and/or lepton number violating opzactor result in the terms

erator produces a torque which leads to a spiral motion of the
real and imaginary parts of the VEV in the complex plane.
This results in a baryofiepton asymmetry once the comov- —CH?| ¢p|?+
ing number density of the AD patrticles is frozen at suffi-
ciently late timeq1].

In the early Universe the nonzero energy density of the
inflaton field is the dominant source of supersymmetry
breaking. This has an important consequence in models of

local supersymmetry where scalar fields generally acquire @ the scalar potential. The first and the third terms are the
soft supersymmetry breaking (ma$spomponent(called  Hubble-induced and low-energy soft mass terms respec-
Hubble-induced from now grproportional toH* [7—9]. The tively, while the second and the fourth terms are the Hubble-
effect of such a mass term crucially depends on the size angiduced and low-energg terms respectively. The Hubble-

sign of the constant of proportionality. A positive (m&ss) induced soft terms typically dominate the low-energy ones
<H?2 will not change the analysis of the original scenario

[1]. On the other hand, for a (mads)H? the flat direction

settles at the origin during inflation and hence cannot be usedip fiat directions of the MSSM are classified by gauge invariant
to generate BAU. It has been shown that the AD mechanisionomials of the scalar fields of the thedi)!_, ¢; ; the AD field is
leads to interesting amounts of BAU only for a (m&ss) then defined as the linear combinatigrs (SN, ¢;)/VN. For a de-
<9/16H?[10]. Perhaps the most interesting case occurs for @ailed discussion of this, as well as the lowest-dimensional operator
(mass§~ —H?, since it naturally leads to a nonzero VEV of in the superpotential which can lift a specific flat direction, see Ref.
the flat direction before the onset of its oscillations. This carf12].

n

¢ >
a)\nHanH.c. +m¢vo|¢|2
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for H>mg, wheremy~my o~ O(TeV). If C;>0, the abso-  handed doublet of third generation squaf@s and theA
lute value of the AD field during inflation settles at the mini- parar‘netep\t associated with the top Yukawa interaction are

mum given by [19]
| 1n-2 d t2 ) ) 1 1
1= o M @ Ggma,= Wmﬁﬁmaﬁ”w'Ar|2>‘ﬁ(zgf|ml'2
with H, being the Hubble constant during the inflationary n —gz|m |2)
epoch? If |a| is O(1), thephased of (¢) is related to the 43272t
phase ofa throughn6+ 6,= m; otherwised will take some

random value, which will generally be @(1). After infla- d , 2ht2 ) 5 5 ) 4,

tion, (¢) initially continues to track the instantaneous local gq™Mu;~ g2(Ma, Mg, +mg + A% —5 | goilm

minimum of the scalar potential, which can be derived by

replacingH, with H(t) in Eqg. (3). OnceH=mj, the low- 2 12

energy soft terms take over. Then the (mass)¢ becomes + §gs|m3| '

positive and{¢) moves in a nonadiabatic way, since the

phase of ¢) during inflation differs from the phase &f As d , h? ) 5 ) 1 )

a result(¢) starts a spiral motion in the complex plane, Mo, g,2(Mk,* Mg, +m; +|At|2)__2(_gl|ml|2
. . g % 8w u Qg 3 27°\ 36

which leads to generation of a net baryon and/or lepton

| 2

asymmetry[9]. Recently it has been noticed that various 3, L, AL,

thermal effects from reheating can be substantial which +Zgz|m2| +§93|m3| ;

might trigger the motion of the flat direction at an earlier

time and change the yielded BA[13,14]. Detailed studies d 3h2 1 /13 3 4

of AD leptogenesis have been done which take these thermal —A,= —5 A, —=— | ==g2m; + —g2m,+ = g2ms]| .
. dt87T2t27723611422333

effects into accounit15]. q

All fields which have gauge or Yukawa couplings to the )
AD field contribute to the logarithmic running of its (ma$s) Here q denotes the logarithm of the scale; this could be an

Therefore, one should study the evolution of the flat direc-gyiernal energy or momentum scale, but in the case at hand
tion (mass§ from some higher scale such By dowr? to _.the relevant scale is set by the VEY of the fields them-

low scales in order to determine the location of the true MiNselves.h, is the top Yukawa coupling, whilg; ;g,;gs and
mum of the potential and, ultimately, examine the viability of m;;m,;m; are gauge couplings and soft breaking gaugino
a given flat direction for the AD mechanism. The running of ;o ccas of th&) (1)y;SU(2);SU(3) subgroups respectively.
low-energy soft breaking masses has been studied in 9e@lh is the only large Yukawa coupling.e., as long as tag
detail in the context of MSSM phenomenolofy7], in par- g ot very largg the beta functions for the (magspf

ticular in connection with radiative electroweak symmetry o ,arks of the first and second generations and the sleptons
breaking[18]. In this paper we perform similar studies in a oy receive significant contributions from gauge or gaugino
cosmological setup for the AD mechanism. loops. A review of these effects can be found in Haf].
Here we only mention the main results for universal bound-
Il. SCALE DEPENDENCE OF THE FLAT DIRECTION ary conditions, where a1y r the (massj of all scalars is
mj and the gauginos have the common soft breaking mass

We start with a brief review of the running of the soft
9 my,. For a low valué of tang=1.65,

breaking (masg) of the MSSM scalars. The one-loop beta
functions for the (mas$)of the Higgs doubletH, which
2

™ 1
couples to the top quark, the right-handed stgpthe left- My,=— EmS—Zmi,z ()

, _ _ ) at the weak scale, whilmﬁ and mé remain positive. The
We have ignored the terma in Eq.(3). If C,>0, thea term will 3 3

not change the vev qualitatively. On the other hand, evercior SOft breaking (gnasé)of the2 first and second generations of

<0 the potentia2) will have a minimum at a nonvanishing VEV squarks is=mg+(5—7)mj,, while for the right-handed

if |a|?>4(n—1)C, . However, the origin will also be a minimum in

this case. The viability of the AD mechanism then depends on

which minimum the AD field will “choose” during inflation. Be- “This value corresponds to the case of maximal top Yukawa cou-

cause of this complication we do not pursue the case @jta0 pling, so called fixed point scenari®0,21], since this maximal

and largela| any further. coupling at the weak scale is approached from a wide range of
e conservatively choos#lg,1=2x 10 GeV as the scale choices forh, at the GUT scale. Such a low value of tanis

where SUSY breaking is transmitted to the visible sector, in order texcluded by Higgs boson searches at the CERN™ collider LEP

avoid uncertainties about physics betwédg ;r and Mg We [22], unless one allows stop masses well above 1 TeV. We never-

further notice that in M-theory scenarios the GUT scale also repretheless include this scenario in our discussion since it represents an

sents the string scald.6]. extreme case.
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and left-handed sleptons one getsnj+0.1m3,, and =mj A. The case withC,~—1
+0.5mf/2, respectively. The important point is that the sum In this case all scalar fields roll towards the origin very

mﬁ.u+mﬁ. which describes the mass in thiL flat direc-  rapidly and settle there during inflation if radiative correc-

. . . . tions to their (masg)are negligible. A typical AD fieldp is
tion, is drlver_1 tc_) n_eggt!ve values at the Weak_scale only fora linear combinatiomﬁin’\‘:lai<pi of the MSSM scalarg; ,
my,,=Mg. This is intuitively understandable since E¢$)

_ _ ) P implying thatm? =3[ |a;|?m’ . As mentioned before, the

have a fixed point solutioh21] my +mj +mg =A=0  running ofm? crucially depends omy,. A Hubble-induced

whenmg,,=0. gaugino mass can be produced frontnanminima) depen-
Similarly one could follow the evolution of the soft break- dence of the gauge superfield kinetic terms on the inflaton

ing terms when the Hubble-induced supersymmetry breakin§j€!d- Generally the gauge superfield kinetic terms must de-
is dominant, i.e., forH>O(TeV). However, some differ- pend on the fiels) of the hidden or secluded sector in order

ences arise in this case. For the low-energy supersymmet%g obtain gaugino masses of roughly the same ordéoas

. . . rger th lar m requir henomenology.
breaking case, constraints from the weak s¢alg., realiza- E ger than scalar masses, as required by phenomenology

. i ) avingmy,,~H thus appears to be quite natural unlesfRan
tion of electroweak symmetry breaking, and experimentaky nmetry forbids terms which are linear in the inflaton su-

limits on the sparticle massegive information aboumi  perfield[3]. The same also holds for the Hubble-indudkd
and my;,. Together with fine tuning arguments, these con-terms. Theu term is a bit different. Since it does not break
straints imply thaimg>0 andmg;m,, are O(TeV). This is  supersymmetry, there & priori no reason to assume that
different from the Hubble-induced supersymmetry breaking?f orderH will be created. However, it seems more appeal-
case, wheren2 andmyy, are determined by the scale of in- N9 10 evoke some mechanisf@4,2 that naturally pro-
flation (and the form of the Kaler potential. At low scales ducesu of order of the soft breaking masses in Minkowski

. . space. Au term of orderH can probably be realized in the
the Hubble-induced terms are completely negligible, becaus#?odels of Ref[24], but seems unlikely to emerge in those of

at temperaturel ~My,, H~O(1) eV, and at present the pef [25] \We will therefore treaj as a free parameter. We

; -3
Hubble parameter i~ O(10 ) ev. . will see below that small values gf are favored.
There exists an even more fundamental difference be- \we considered sample cases Witm,,=H;3H;H/3,

tween the two cases. In Minkowski spacetime the contribua (Mg r)==*H;*+3H;+H/3, h(Mgy)=2, 0.5 and
tion of a given loop to a beta function freezes at a scale of thg;(Mgy1) =9,(Mgur) =93(Mgup) =0.71. We then fol-
order of the mass of the particle in the loop. In an expandindowed the running of scalar soft masses frbhg+ down to
Universe the horizon radiussH ! defines an additional 10° GeV, where the low-energy supersymmetry breaking
natural infrared cutoff for the theory. The reason is that theddecomes dominant. o
particle description ceases to be physically meaningful once The main observation is that only thé,L flat direction
the Compton wavelength of a particle exceeds the horizoff" acquire a negative (maSst low scales. In this case
radius. The masses of particles which are coupled to the ADs = (Mh + ML+ x%)/2, where the last term is the contribu-
field consist of two parts: a supersymmetry preserving partion from the Hubble-induced. term. The results for this
proportional to the VEV ¢), and the Hubble-induced super- Cas€ aré _summanz;zd in Tglb_le |, fa{M gyr) =H/4, so thf‘t
symmetry breaking part. The contribution of a given loop toth® contributionx.” to my is negligible. In generay,

a beta function should thus be frozen at a scale which is th€hanges sign at a higher scale f(Mgyr) =2. This is ex-
larger of|(#)| andH (recall thath, and gauge couplings are pected since a Iazrger Yukawa coupling r_laturally maximizes
close to ong In particular, if the squared mass of the AD the running omeu. Furthermore, the difference between
field is positive at very large scales but turns negative af‘t/Mw2<<0 and A;/my,>0 becomes more apparent as
some intermediate scaf@., the origin of the AD potential Ai/myp| increases anth, decreases. The quasi fixed-point
will cease to be a minimum provided the Hubble paramete?’alue ofA /my, is positive[21]. Positive input values o,

. ) will thus lead to positiveA; at all scales, but a negative
is less thanQ.. On the other hand, iy <0 at the GUT A(Mgyur) implies that A;=0 for some range of scales,

scale, its running should already be terminated at the scalghich diminishes its effect in the RGE, see E4). The sign

[(¢)| determined by Eq(3).° In the following two subsec- of A,(Mgyq) is more important for smalleh,, since then

tions we therefore discuss the cases of positive and negativg, /m,,, will evolve less rapidly.

GUT-scale (masg)for the AD field separately. We also notice that the squared mass of thg flat di-
rection does not change sign whem,=H/3, except fof
A= =3H andh,;=0.5. This can be explained by the fact that

Here we note that the Hubble cutoff usually plays no role in loop
corrections to the inflaton potential. In most inflationary models the
masses of the fields which may run in the loop are larger than the ®The renormalization group equatiéRGE) (4) for A, shows that
Hubble expansion during inflation due to the presence of a finit¢he relative sign betweeA; and m,,, matters since it affects the
coupling to the inflaton. This will happen if the inflatétime vary-  running of|A{ and, subsequently, scalar soft masses. Without loss
ing) VEV is large and the couplings are not very small. In thoseof generality we take the common gaugino mags to be positive.

cases, which are somewhat similar to our case W@tb-0, one "For this choice of parameters, initially runs very slowly. It will
could right away trust the usual loop calculation evaluated in a flatherefore remain large for some time and hefp§ to decrease
space time backgrouri@3]. quickly towards lower scales.
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TABLE I. The scaleQ. (in GeV) where the squared mass of the one can easily havel,<Q, at least for theH L flat direc-
AD field describing theH L flat direction changes sign, f&,= tion, unlessmi,2<H2 or Mzgmi/z-
—1 and several values f_or the ratids/H andm,,/H as well as If Q.<H,, ¢ settles at the origin during inflation and its
the top Yukawa couplinghy, all taken at scaleMeyr=2 post-inflationary dynamics will depend on the process of

6
X10° Gev. thermalization. If the inflaton decay products thermalize very
A H My, H Q.(h;=2) Q.(h,=0.5) sIowa,_mi is only subjected to zero-temperature .radiative
corrections and ¢) can move away from the origin once
+13 (=13) 1/3 . x H=<Q,; a necessary condition for this scenario is that infla-
+1/3 (-113) 1 1(9_%0 10° ; tons do not directly decay to fields that are charged under
+1/3 (- 1/3) 3 10 10°-10 SU(3)XSU(2)XU(1)y. If Q=1 TeV, ¢ will readily
+1(-1) 1/3 > > settle at the new minimum and AD leptogenesis can work.
+1(-1) 1 1610 10° (x) However, the situation will be comp!etely different if infla-
+1(-1) 3 1G4 10° (10P) tons directly decay to some matter fields. In such a case the
- plasma of inflaton decay products has a temperaflre
ig (:g) 113 1014><107 109101§ ~(IgH M.,%mc,)l"‘ [26] (T'q is the inflaton gecay.raleThus
(=3) (10) (10 fields which contribute to the running ofi, are in thermal
+3(—3) 3 10 (101 10 (10°)

equilibrium (recall that the AD field is stuck ap=0) and
their back reaction results in thermal corrections of order
+T?to mé. For generic models of inflatioR>H, implying

for small my,, and small or moderatgd,| we are generally that thermal effects exceed radiative corrections. Therefore
close to the fixed point solution (¢) remains at the origin at all times and AD leptogenesis
will not work.

mi =—5H% mg =0, mg=>H2 (6)
B. The case withC,=+1

In this case all flat directions are viable if the running of
mfb is negligible. However, radiative corrections may change
the sign(in this case to positiyeat small VEMs) possibly
exactly due to the fixed point solution behavior. This impliesyesyiting in the entrapment af at the origin. We quantita-
that theH L flat direction can still be viablg10]. Flat direc-  tjvely studied the same sample cases as above.
tions built out ofu, will be marginal at best, since the re-  The main results can be summarized as follows. The
duction ofmZ_will be diluted by other contributions tm ~ squared mass of the AD field for thé,L flat direction is

$ always negative at small scales, unlggs=H?/2. However,
for my,=3H, mi changes sign twice; it is positive for scales

The AD mechanism should always workQf,.>H, , since Q betwgen roughly 16 and 16 GeV, the precise.values.
then the global minimum of the potential during inflation is dppendmg Orh‘ andA,. Slepton masses only receive posk-
located atl( $)|#0. Note that in this case the VEN&)| is tive contributions from electroweak gauge/gaugino loops. As

usually determined by, rather than by Eq(3). For scales a resglt, the squargd mass o_f the AD field describing the
close toQ. the mass term in the scalar potential E2). can flat d!rect|on rimalns ”jggg"’e down to 1 Te_V, ””'“*_‘ﬁz

be written asB¢H2|¢|2I0g(|¢|/QC), where the coefficieng,, .>2H, for my,=3H, Q,=10° GeV even for th~|s flat direc-
can be obtained from the RGE. f,>0, which is true for ~ tion. The squared masses of all squaféxceptus) change
theH,L flat direction forC,<0, this term will reach a mini- Sign_at Qc>1 Tev  unless my,=H/3; ‘we find Q
mum at logd/Q)=—1. If Q.<(H,ML3)¥ 2 the non- =10 (10.1.) GeV for ml,zll;|=1(3). This is due to the
renormalizable contributions to the scalar potential are neg/@rge Positive contributiorm; to the squared squark masses
ligible for |¢|~Q,, so that the minimum of the quadratic &t scales belowMgyr. The corresponding values for the
term essentially coincides with the minimum of the completeUsDiD; and LQD flat directions are usually somewhat
potential given by Eq(2). In models of high scale inflation smaller, due to the Yukawa terms in tigefunction and the
(e.g., chaotic inflation modelsthe Hubble constant during slower running of slepton masses, respectively; however, the
inflation H, can be as large as ¥0GeV. This implies that listed values ofQ. are still a fair approximation for these
mi for theH L flat direction can only become negative dur- cases.

ing inflation if m3,,>H?2, which includes the “no-scale” sce- ~ According to Eq.(3), the scale|(¢)|>H, above which
nario studied in Ref[11]. The region of parameter space the positive contribution to the scalar potential from the non-
safely allowing AD leptogenesis is much larger in models ofrenormalizable superpotential term in E@L) dominates
intermediate and low scale inflatide.g. some new inflation —H?, now appears. IQC>(H,MEQ$)1’”*2, mfi, is positive
models whereH, is substantially smaller. In such models for all VEV(s) and hence the flat direction will settle at the

Nevertheless, even fon,,,<H the squared mass of ti&,L
flat direction as well asnﬁ3 are <0.2H? well above 1 TeV,

that are not reduced by RG running; e.g. for thgD D, flat
direction we findm?>2H?/3 at all scales.
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origin during inflation and remain there from then on. In It should be emphasized that the valuesyf, my;», Ag
such a case the flat direction is not viable for the AD mechaand x used in this analysis have no bearing on present phe-
nism. This can easily happen for flat directions involvingnomenology. All these parameters are Hubble-induced, and
squarks in models of low scale inflation, but is not likely thus contribute negligibly to the present-day sparticle
for high scale inflationary models unless;,=3H. For  spectrum. In particular, our analysis will go through even
H,<Qc<(H,M23)™ 2, feasible for some flat directions if present-day supersymmetry breaking is not due to gravity
in both intermediate-high scale and low scale modelsmediation, as long as physics at scales arolhgl,r can
the potential during inflation has two minima, &#)=0 b? des_crlbed by an effective supergravity th_eory_ in 4
and at |[(#)|~(HML3) 2. Depending on the initial dimensions. The only MSSM parameter which is of
. . some importance for our analysis is the ratio of VEVs
conditions, ¢ can roll down towards ¢|ther of them and tanB, which determines the Yukawa couplings of the quarks
settle there but only the latter one will be useful for the

. X o ) and leptons. However, we saw in Sec. Il A that changing
AD mechanism. IfQ.<H,, the AD field direction will  he top coupling at the GUT scale from 0.5 to 2.0 does not

setle at the value determined by E3) (the only |eaq 1o large variations in AD phenomenology. If 18 1,
minimum during inflation and remain there afte_rvyards. i.e. for large bottom and- Yukawa couplings, the domain
.Trflle _appear:gr;]cg of aqglther rréllnlmum dat the Or'ﬂm after viability for flat directions involvingb and/or 7 fields
n atlpn, which 1S possible onc <Qc, does not change . will increase somewhat, in particular frmng>0, but again
the situation since these minima are separated by a barri

. . L : i e do not expect the situation to change qualitatively in this
Therefore in this case radiative corrections will not chang ase P geq y

the pif:ture quaIitatiyer; .howevc'ar, they will stjll modify the Moreover, we do not find direct consequences@eball
quantitative analysis, sinc€, in Eqg. (3) will become 27 5g production. Radiative corrections to the Hubble-
scale-dependent. induced soft mass can affect the initial conditions at the onset
In summary, for models of high-intermediate scale infla-of fiat direction oscillations. On the other har@sball for-
tion the AD mechanism will not be disrupted unlesg,,  mation occurs during oscillations which start when the low-
=3H. On the other hand, thi L flat direction is the most energy supersymmetry breakifg] or thermal effect§13]
promising one for low scale inflationary models, regardlesslominate the Hubble-induced supersymmetry breaking.
of the value ofm,,,, provided only that the Hubble-induced Once the latter becomes subdominant, the standard analysis
|| is not too large. Similarly, ifm;,,=3H, AD leptogenesis [27,28 of the flatness of scalar potential aqdball forma-
along the H,L flat direction is the only viable option, tion will apply. However, there is an indirect connection,
but requires a relatively low scaléd,. However, Q.  sinceQ-balls might evaporate if the inflaton decay products

<(HM%3)¥2 and|( $)| ~Q, at the minimum of potential thermalize quickly, unless the reheat temperature is very low.

in this case. Thermal effects may therefore trigger an ea”)We saw in Sec. Il A that models with delayed thermalization

oscillation of the flat direction, if inflaton directly decays to Might realize AD baryogenesis witimy>0 even if Q.
matter field§13,14]. <H'.’ as long a‘fQ0>1 Tev. . . .
Finally, we reiterate that radiative corrections will not af-

fect the AD mechanism qualitatively if there exists an
Ill. CONCLUSION R-symmetry which forbids the appearance of terms linear in
the inflaton superfieldwhich would imply my,,|Aql<<mg).

In this paper we examined the AD mechanism forOn the other hand, in more general scena@sdepends
baryogenesis including radiative corrections to the HubbleVery strongly(essentially exponentiallyon my/;, and is thus
induced soft breaking (mags)f the MSSM scalars. An  Very sensitive to details o_f physics at hlgh spale_s. We_ have
important point is that in an expanding Universe theS€en that AD leptogenesis from tié,L direction is quite
horizon radius provides a natural infrared cutoff to suchfobustand work2$almosn independently of the size ofy;
corrections. Radiative corrections lead to interesting?nd the sign oy, as long as the Hubble-inducgdterm is
consequences whenever the Hubble-induced soft breaki t too Iarge. Recall that th_|s scenario also _has the distinction
parameters satisfymy,=mo, or |Ajl=m, with m§>0; of connecting baryog.ene5|s.W|th the neutrino sector param-
here mg, my, and A, are the common soft breaking ef[ers['15]. Qur analysis provides an argument why thgl
scalar and gaugino masses and common trilinear soffirection m_|ght be pr_efer_redynamlcallyoverthe plethora of
breaking parameter, respectively, all taken at the inpuPther possible flat directions.
scaleMgyt. We found that theH L flat direction remains
viable for a large region of parameter space, in particular
for both signs ofmg, as long as the Hubble-induced

parameter satisfiefu|*< 1/4maXmg,mi,;}. In contrast, flat The authors thank A. Perez-Lamzana for fruitful discus-
directions involving squarks are only viable folz<O and  sion. The work of R.A. and M.D. was supported by “Sonder-
relatively smallm,,, the precise upper bound depending onforschungsbereich 375 iflAstro-Teilchenphysik” der Deut-
the Hubble parameter during inflatidth, . Purely sleptonic schen Forschungsgemeinschaft. A.M. acknowledges the
flat directions are intermediate between these two extremsupport of The Early Universe Network HPRN-CT-2000-
cases. 00152.
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