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tWe point out that supergravity e�e
ts enable the in
aton to de
ay into all matter�elds, in
luding the visible and the supersymmetry breaking se
tors, on
e the in
a-ton a
quires a non-vanishing va
uum expe
tation value. The new de
ay pro
esseshave great impa
ts on 
osmology; the reheating temperature is bounded below; thegravitinos are produ
ed by the in
aton de
ay in a broad 
lass of the dynami
alsupersymmetry breaking models. We derive the bounds on the in
aton mass andthe va
uum expe
tation value, whi
h severely 
onstrain high-s
ale in
ations su
has the hybrid and 
haoti
 in
ation models.
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1 Introdu
tionIn re
ent arti
les [1℄, we pointed out that high-s
ale in
ations su
h as hybrid in
ationmodels [2℄ are disfavored, sin
e too many gravitinos are produ
ed in reheating pro
essesafter the in
ation if the hidden-se
tor �eld z for supersymmetry (SUSY) breaking is
ompletely neutral [3, 4, 5, 6℄. However if the z has 
harges of some symmetries like ingauge- and anomaly-mediation models [7, 8℄, dangerous operators are suppressed [5, 6, 1℄and there is no gravitino-overprodu
tion problem #1. Furthermore, su
h symmetries maysuppress linear terms of the �eld z in K�ahler potential to avoid the Polonyi problem [9℄.In this letter, we show that, as long as kinemati
ally allowed, the in
aton � de
aysinto all matter �elds that appear in the superpotential due to the supergravity (SUGRA)e�e
t, on
e the in
aton a
quires a non-vanishing va
uum expe
tation value (VEV), h�i.For a typi
al in
aton mass in high-s
ale in
ations, the in
aton may de
ay into the SUSYbreaking se
tor �elds, produ
ing the z �eld and the gravitinos in a broad 
lass of thedynami
al SUSY breaking (DSB) models [10, 11, 12, 13, 14, 15℄. Sin
e the de
ay pro
eedsindependently of the 
harge of the z, the gravitino produ
tion from the in
aton de
ay is ageneri
 problem, whi
h is present even in the gauge- and anomaly-mediation models. Inparti
ular, the gravitinos are produ
ed even if the K�ahler potential is minimal. Further,the in
aton with a nonzero VEV 
an de
ay into the visible se
tor �elds through the topYukawa 
oupling, even if there is no dire
t intera
tion in the global SUSY limit. Thisenables us to set a lower limit on the reheating temperature of the in
ation models. Wederive 
onstraints on the in
aton mass and the VEV, taking a

ount of those new de
aypro
esses.2 De
ay Pro
essesThe in
aton �eld � 
ouples to all matter �elds due to the SUGRA e�e
ts, assuming anon-vanishing VEV. The relevant intera
tions with fermions are represented in terms of#1See however Ref. [6℄ for other potential problems due to non-renormalizable 
ouplings between thein
aton and the z.
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the total K�ahler potential G = K + ln jW j2 in the Plan
k unit MP = 1:L = �12eG=2G�ijk � i j'k + h:
:; (1)where 'i denotes a s
alar �eld and  i is a fermion in 2-spinor representation. We assumeGi � O(1) for all the �elds other than the SUSY breaking �eld. The 
ontributionproportional to G� may be suppressed in the in
aton de
ay be
ause of the interferen
ewith the SUSY breaking �eld [5, 6℄.In this se
tion, we assume the minimal K�ahler potential for simpli
ity. Then, thereis no non-renormalizable term in the K�ahler potential. Even when the in
aton �eld isse
luded from the other �elds in the global SUSY Lagrangian, the SUGRA 
orre
tionsmake its de
ay possible. At the va
uum, the 
oupling 
onstants are expanded asG�ijk = �W�W WijkW + W�ijkW ' K�WijkW + W�ijkW ; (2)where we assumed that the VEVs are negligibly small for all the �elds other than thein
aton, and used G� � h�i in the last equality. We �nd that the result is obviouslyinvariant under the K�ahler transformation, and these 
onstants approa
h to zero in theglobal SUSY limit. Then the de
ay rates are evaluated as #2�(�!  i j'k) ' Nf1536�3 jYijkj2  h�iMP !2 m3�M2P ; (3)where Nf is a number of the �nal state, and the Yukawa 
oupling Yijk � Wijk. Here wehave negle
ted the masses of the �nal state parti
les, and used K = �y� for the in
aton.We have also assumed that  i and  j are not identi
al parti
les. It is stressed again thatthe in
aton de
ay pro
eeds even when there is no dire
t intera
tions with the matter�elds in the global SUSY limit.The de
ay rates of the in
aton into the s
alar parti
les be
ome the same as the aboveresults. In fa
t, with the s
alar potential, V = eG(GiGi � 3), the de
ay amplitude of�� ! 'i'j'k is estimated as V��ijk. Sin
e the in
aton has a large SUSY mass, theamplitude is approximately proportional to eG=2G�ijk multiplied by the in
aton mass,m� ' eG=2jG���j. Therefore the de
ay rate satis�es �(�� ! 'i'j'k) ' 3�(�!  i j'k).#2 Similarly we obtain the 2-body de
ays, though the de
ay rate is suppressed by O(102) �M2ij=m2�with Mij �Wij 
ompared to the 3-body de
ay rate with Y = O(1). See also Ref. [16℄.3



2.1 Lower bound on the reheating temperatureLet us 
onsider the in
aton de
ay through the top Yukawa 
oupling:W = Yt TQHu; (4)where Yt is the top Yukawa 
oupling, and T , Q, and Hu are the 
hiral supermultiplets ofthe right-handed top quark and left-handed quark doublet of the third generation, andup-type Higgs, respe
tively. The partial de
ay rate of the in
aton through the top Yukawa
oupling is �T = 3128�3 jYtj2  h�iMP !2 m3�M2P ; (5)whi
h sets a lower bound on the reheating temperature, TR. We de�ne the reheatingtemperature as TR �  �2g�10 !� 14 q��MP ; (6)where g� 
ounts the relativisti
 degrees of freedom, and �� denotes the total de
ay rateof the in
aton. Using Eqs. (5) and (6), we obtain the lower bound on the reheatingtemperature, TR >� 1:9� 103GeV jYtj� g�200�� 14  h�i1015GeV!� m�1012GeV� 32 : (7)We show the 
ontours of the lower limit on the reheating temperature in Fig. 1, togetherwith the results of the hybrid and smooth hybrid in
ation models [2, 17℄. If the in
atonmass m� and the VEV h�i are too large, the reheating temperature may ex
eed theupper bound due to the abundan
e of the gravitinos produ
ed by parti
le s
attering inthe thermal plasma; the re
ent results are given in [18, 19, 20℄ for the unstable gravitinoand in [21℄ for the stable one (see Ref. [1℄ for the summarized results). In parti
ular,for the smooth hybrid in
ation model, the reheating temperature is ne
essarily higherthan 106GeV, whi
h is diÆ
ult to be re
on
iled with the gravitino of m3=2 = O(0:1 �1)TeV [18℄.2.2 In
aton de
ay into the gravitinosThe new de
ay pro
ess enables the in
aton to de
ay into the SUSY breaking se
tor.Through Yukawa intera
tions 
ontaining the SUSY breaking �eld, the gravitino is pro-4



du
ed from the in
aton de
ay. It should be noted that the gravitino 
an be produ
edeven without non-renormalizable 
oupling j�j2zz in the K�ahler potential. The existen
eof su
h 
oupling is 
ru
ial for the gravitino pair produ
tion [1, 6℄, if the in
aton mass islarger than the s
alar mass of the SUSY breaking �eld z.Let us 
onsider the Yukawa intera
tions of the SUSY breaking se
tor �elds #3. Fromthe point of view of naturalness, the DSB s
enarios [10℄ are attra
tive. In a wide 
lassof the DSB models [11, 12, 13, 14, 15℄, in
luding ones redu
ed from N = 2 SUSY quivergauge theories [22℄, there exist su
h Yukawa intera
tions at the quark level #4. When one
onsiders the in
aton de
ay into the SUSY breaking se
tor, the quark-level intera
tionsshould be used, instead of the one written in terms of the 
omposite �elds in the low-energy e�e
tive theory, sin
e the in
aton mass s
ale is larger than the strong-
ouplings
ale. The �elds in the SUSY breaking se
tor typi
ally a
quire masses of the DSB s
ale� � qm3=2MP , while the in
aton in the high-s
ale in
ation models su
h as the hybridin
ation model tends to satisfy with m�>� �. Then the in
aton 
an de
ay into the hiddense
tor �elds.The SUSY breaking �eld in the low-energy e�e
tive theory is either an elementary or
omposite �eld. Let us denote the SUSY breaking �eld by z throughout this letter. If thez is an elementary �eld and appears in a Yukawa intera
tion, its fermioni
 
omponent isdire
tly produ
ed by the in
aton de
ay. On the other hand, if z is 
omposite, the produ
edhidden quarks will form QCD-like jets, ending up with the hidden mesons and/or baryons,together with (possibly many) z �elds. In both 
ases, sin
e the fermioni
 
omponent ofz is identi�ed with the goldstino, the gravitino is produ
ed by the in
aton de
ay. Inaddition, the s
alar 
omponent of z and the other SUSY breaking se
tor �elds may alsode
ay into the gravitino.#3 If there exists a linear term W = �2z in the superpotential, the in
aton � mixes with z in theva
uum. Even if the minimum of z during in
ation 
oin
ides with that after in
ation, the 
oherentos
illations of z �eld is indu
ed by the in
aton via the mixing [6℄. However, the indu
ed amplitude of zis so small that it is 
osmologi
ally harmless.#4 Note, however, that those models without Yukawa intera
tions 
an also break the SUSY dynami
ally.Examples in
lude SU(5) model with 5� and 10, and SO(10) with 16 [23, 11℄. Then the 
onstraint dueto the gravitino produ
tion dis
ussed in this letter is not applied for su
h models.
5



Therefore the gravitino produ
tion rate is expressed as #5�3=2 = C1536�3  h�iMP !2 m3�M2P ; (8)where C is determined by the de
ay pro
esses; the degrees of freedom of the de
ay prod-u
ts, the de
ay 
hains, the 
oupling 
onstants of the Yukawa intera
tions in the SUSYbreaking se
tor, and form fa
tors of the hidden mesons and/or baryons. Although the
onstant C strongly depends on the models, unless all the Yukawa 
ouplings are extremelysuppressed, C is expe
ted to be O(1) or larger. The gravitino abundan
e is then givenby #6 Y3=2 = 8� 10�14C � g�200�� 12 � TR106GeV��1 � m�1012GeV�2  h�i1015GeV!2 ; (9)for m�>� �.For the in
aton mass, m�<� �, the in
aton de
ay into the SUSY breaking se
tor islikely to be kinemati
ally forbidden. However, the gravitino pair produ
tion from thein
aton de
ay instead be
omes important [1, 5, 6℄, if the in
aton mass is smaller than themass of the s
alar 
omponent of the z �eld. We here assume that the mass of the z �eldis O(�) in the DSB s
enarios. The gravitino pair produ
tion rate is given by [1, 3, 6℄�(pair)3=2 = 3288�  h�iMP !2 m3�M2P ; (10)whi
h is larger than Eq. (8) by two orders of magnitude. Note that, as long as m�<� �,the in
aton de
ay into a pair of the gravitinos o

urs at the rate shown above, even if theK�ahler potential is minimal. The gravitino abundan
e is then given byY3=2 = 2� 10�11 � g�200�� 12 � TR106GeV��1 � m�1012GeV�2  h�i1015GeV!2 ; (11)for m�<� �.There are tight 
onstraints on the gravitino abundan
e from BBN if the gravitinois unstable, and from the dark matter (DM) abundan
e for the stable gravitino. In#5 The same result 
an be obtained from the SUGRA Lagrangian. A
tually, assuming the Yukawa
oupling W = zQQ, the de
ay rate of �! ~GQQ in the goldstino pi
ture is reprodu
ed by evaluating theQ-mediating diagram in the unitary gauge, where ~G is the goldstino.#6 We have assumed here that there is no entropy produ
tion [24℄ after the reheating.6



parti
ular, for the gravitinos produ
ed by thermal s
atterings, the gravitino abundan
e isrelated to TR by using [25, 18℄Y (th)3=2 ' 1:9� 10�12 241 + 0� m2~g33m23=21A35� TR1010 GeV�� �1 + 0:045 ln� TR1010 GeV�� �1� 0:028 ln� TR1010 GeV ;�� ; (12)where we have taken N = 3 for QCD and m~g3 is the gluino mass evaluated at T = TR.Sin
e the gravitino abundan
e Y (th)3=2 is roughly proportional to TR, both are boundedabove. Substituting the upper bounds into Eqs. (9) and (11), we obtain 
onstraints onthe mass and the VEV of the in
aton.Here we simply quote the bounds on Y3=2 and TR summarized in Ref. [1℄, for repre-sentative values of the gravitino mass: m3=2 = 1GeV, 1TeV and 100TeV. For the stablegravitino, the gravitino abundan
e should not ex
eed the DM abundan
e [21℄,m3=2 Y3=2 � 
DM�
s <� 4:7� 10�10GeV; (13)where �
 is the 
riti
al density, and we used 
DMh2<� 0:13 at 95% C.L. [26℄ in the se
ondinequality. Here we have negle
ted the 
ontribution from the de
ay of the next-to-lightestSUSY parti
le. The upper bound on TR 
an be obtained by substituting Eq. (13) intoEq. (12) as TR <� 3� 107 GeV� m~g3500GeV��2 � m3=21GeV� ; (14)for m3=2 ' 10�4 � 10 GeV. For the unstable gravitinos with m3=2 = 1TeV, the bounds
ome from BBN: [1℄ Y3=2 <� ( 4� 10�17; (Bh ' 1);3� 10�14; (Bh ' 10�3); (15)where Bh denotes the hadroni
 bran
hing ratio of the gravitino. The bounds on TR aregiven by TR <� ( 3� 105GeV; (Bh ' 1);2� 108GeV; (Bh ' 10�3); (16)For the unstable gravitino withm3=2 = 100TeV, the 
onstraint 
omes from the abundan
eof the lightest SUSY parti
le (LSP) produ
ed by the gravitino de
ay. In the anomaly-mediated SUSY breaking models with the wino LSP, one LSP remains as a result of the7



de
ay of one gravitino, sin
e the gravitino de
ay temperature is rather low. The boundsread Y3=2 <� 2� 10�12 � m3=2100TeV��1 ;TR <� 9� 109 � m3=2100TeV��1GeV; (17)where we have used the relation,m ~W = �2g2 m3=2 ' 2:7� 10�3m3=2; (18)where �2 and g2 are the beta fun
tion and the gauge 
oupling of SU(2)L.We show the bounds on the mass and the VEV of the in
aton, obtained by substitutingthe above upper bounds on Y3=2 and TR into Eqs. (9) and (11), in Figs. 2, 3 and 4. Thebounds are severer than that due to the lower bound on TR shown in Fig. 1, and asigni�
ant fra
tion of the parameter spa
e is ex
luded by the gravitino produ
tion. Thebound shown in Fig. 2 does not 
hange for the stable gravitinos with m3=2 ' 100 keV �10GeV, sin
e both the upper bound on TR is proportional to m3=2. It should be notedthat the bounds be
ome severer for lower TR, sin
e TR is set to be the largest allowedvalue.3 Constraints on In
ation ModelsTo see the impa
ts of the de
ay pro
esses dis
ussed in the previous se
tion, let us �rst
onsider the hybrid in
ation model [2℄. The hybrid in
ation model 
ontains two kinds ofsuper�elds: one is � whi
h plays a role of in
aton and the others are waterfall �elds  and ~ .The superpotential W (�;  ; ~ ) for the hybrid in
aton isW (�;  ; ~ ) = �(�2 � � ~  ); (19)where � determines the in
ation energy s
ale, and  and ~ are assumed to be 
hargedunder U(1) gauge symmetry. Here � is a 
oupling 
onstant and � is the in
ation energys
ale. The potential minimum is lo
ated at h�i = 0 and h i = h ~ i = �=p� in the SUSY8



Figure 1: Contours of the lower bound on the reheating temperature TR, denoted by thesolid lines. We set g� = 228:75 and Yt = 0:6. The typi
al values of h�i and m� for thehybrid and smooth hybrid in
ation models (n = 2; 3 and 4 from left to right) are alsoshown.limit. For a su

essful in
ation #7, � and � are related as� ' 2� 10�3 �1=2 for � >� 10�3;� ' 2� 10�2 �5=6 for � <� 10�3; (20)where � varies from 10�5 to 10�1 [27℄ #8.After in
ation ends, the universe is dominated by both the in
aton � and a 
om-bination of the waterfall �elds,  + � ( + ~ )=p2, while the other 
ombination,  � �( � ~ )=p2, gives negligible 
ontribution to the total energy of the universe due to theD-
at 
ondition. The in
aton � almost maximally mixes with  + to form the masseigenstates [1℄, �� � ��  +p2 : (21)#7 We require the right magnitude of the density 
u
tuations and the spe
tral index less than or equalto unity [26℄. The e-folding number is set to be Ne = 50.#8 Note that, in this type of hybrid in
ation, there exists a problem of 
osmi
 string formation be
ause and ~ have U(1) gauge 
harges. To avoid the problem the 
oupling � should be small as, �<� 10�4 [28℄.Here we do not take this problem seriously, sin
e the 
osmi
 strings are not produ
ed if the gauge groupis extended to a non-Abelian group [29, 30℄. 9



Figure 2: Constraints from the abundan
e of the gravitino produ
ed from the in
atonde
ay, form3=2 = 1GeV. We set g� = 228:75 and C = 1. The region above the solid lineis ex
luded. TR is set to be the largest allowed value, and the bound be
omes severer forlower TR. The verti
al dotted line 
orresponds to m� = qm3=2MP . For m�<�qm3=2MP ,the in
aton de
ay into the SUSY breaking se
tor is expe
ted to be kinemati
ally forbidden;however the gravitino pair produ
tion instead puts a severer 
onstraint [3, 4, 5, 6℄. Thetypi
al values of h�i and m� for the hybrid and smooth hybrid in
ation models are alsoshown.The VEVs and the masses of these mass eigenstates are given byh��i = �p�; m�� = p2� h��i : (22)Sin
e the two mass eigenstates �� have the equal de
ay rates due to the (almost) maximalmixing, we 
an simply treat the reheating pro
ess just like a single-�eld in
ation model;the reheating is parameterized by a single parameter, TR (or equivalently, ��) #9.We have plotted the mass and the VEV given by Eq. (22) for � = 10�5�10�1 in Figs. 1,2, 3, and 4. From Fig. 1, one 
an see that the lower bound on the reheating temperature#9 The preheating [31, 32, 33℄ is known to o

ur in this model, and if it o

urs, the homogeneousmode of the in
aton and the waterfall �elds disappear soon and the ex
ited parti
les are produ
ed. Thisinstability itself does not a�e
t our dis
ussion, sin
e these ex
ited parti
les will de
ay perturbatively intothe lighter �elds in the end. 10



Figure 3: Same as Fig. 2 but for m3=2 = 1TeV. The solid and dashed lines are for thehadroni
 bran
hing ratio Bh = 1 and 10�3, respe
tively.broadly ranges from O(1)GeV up to O(108)GeV. The gravitino problem ex
ludes somefra
tion of the parameter spa
e; for instan
e, m�� >�O(1013)GeV is ex
luded for m3=2 =1TeV with Bh = 1, sin
e the reheating temperature ex
eeds 106GeV (see Eq. (15)). Thegravitino produ
tion from the in
aton de
ay a
tually gives severer bounds as shown inFigs. 2, 3, and 4. In parti
ular, the entire parameter region is ex
luded for m3=2 = 1TeVwith Bh = 1. For mu
h larger or smaller m3=2, the 
onstraints on the hybrid in
ationmodel is relaxed, and the region with relatively small m� is allowed. Note, however, thatit then tends to be disfavored by WMAP three year data [26℄ sin
e the predi
ted spe
tralindex ns approa
hes to unity #10. In other words, ns ' 1 is ne
essary for the hybridin
ation model to be 
ompatible with the gravitino overprodu
tion from the in
atonde
ay.Next let us 
onsider a smooth hybrid in
ation model [17℄. The superpotential of the#10 Note that the hybrid in
ation produ
es negligible tensor 
u
tuations and hen
e we should take theWMAP 
onstraint on ns for no tensor mode, ns = 0:95� 0:02.
11



Figure 4: Same as Fig. 2 but for m3=2 = 100TeV.in
aton se
tor is W (�;  ; ~ ) = � �2 � ( ~  )nM2n�2! ; (23)where M is an e�e
tive 
ut-o� s
ale, and n � 2 is an integer. The va
uum of the s
alarpotential is lo
ated at h�i = 0 and h i = D ~ E = (�Mn�1)1=n in the global SUSY limit.Note that  = ~ always holds due to the additional D-term potential. As in the hybridin
ation model, one of the 
ombination,  (+) � ( + ~ )=p2, almost maximally mixeswith � to form the mass eigenstates �� de�ned by Eq. (21). The VEVs and masses of ��are given by h��i = (�Mn�1)1=n; m�� = p2n�2= h i ; (24)whi
h are plotted in Figs. 1, 2, 3, and 4, in the 
ase of n = 2; 3 and 4. The rangesof the parameters are determined by requiring both a su

essful in
ation with a largeenough e-folding number and the validity of the e�e
tive des
ription Eq. (23). The s
alarspe
tral index is then predi
ted to be ns ' 0:97, whi
h is slightly smaller than thesimple hybrid in
ation model. From Fig. 1, we 
an see that the smooth hybrid in
ationmodel is in
ompatible with the gravitino of m3=2 = 1TeV, due to the too high reheating12



temperature. Further, taking a

ount of the gravitino produ
tion from the in
aton de
ay,the smooth hybrid in
ation model gets in more trouble for a broad range of the gravitinomass (see Figs. 2, 3, and 4). Note also that the 
onstraints get severer for larger n.Lastly, let us mention that those problems stated above 
an be avoided in the 
haoti
in
ation model with a Z2 symmetry. A 
haoti
 in
ation [34℄ is realized in SUGRA, basedon a Nambu-Goldstone-like shift symmetry of the in
aton 
hiral multiplet � [35℄. Namely,we assume that the K�ahler potential K(�; �y) is invariant under the shift of �,�! �+ i A; (25)where A is a dimensionless real parameter. Thus, the K�ahler potential is a fun
tion of� + �y; K(�; �y) = K(� + �y) = 
 (�+ �y) + 12(� + �y)2 + � � �, where 
 is a real 
onstantand must be smaller than O(1) for a su

essful in
ation. We will identify its imaginarypart with the in
aton �eld ' � p2 Im[�℄. Moreover, we introdu
e a small breaking termof the shift symmetry in the superpotential in order for the in
aton ' to have a potential:W (�;  ) = m� ; (26)where we introdu
ed a new 
hiral multiplet  , and m ' 1013GeV determines the in
atonmass. The s
alar potential is given byV (�; ';  ) ' 12m2'2 +m2j j2; (27)where we set the real part of � to be at the va
uum. For '� 1 and j j < 1, the ' �elddominates the potential and the 
haoti
 in
ation takes pla
e (for details see Refs [35℄).Although ' does not a
quire any �nite VEV, the linear term in the K�ahler potentialbehaves exa
tly the same as a VEV. Therefore, the de
ay rates given by Eqs. (5) and (8)apply to the in
aton ', if one repla
es h�i with 
, the 
oeÆ
ient of the linear term. If 
is sizable, the 
haoti
 in
ation model of this type as well may en
ounter the 
osmologi
aldiÆ
ulties. However, one 
an suppress su
h linear term by assuming an approximateZ2 symmetry. Therefore the problems mentioned above 
an be avoided in the 
haoti
in
ation model.
13



4 Dis
ussion and Con
lusionsSo far we have fo
used on the in
aton de
ay into the visible se
tor and the gravitinos.Sin
e the in
aton 
ouples to all matter �elds on
e it a
quires a �nite VEV, the in
aton
an also de
ay into the hidden and/or messenger se
tor. The de
ay may 
ause another
osmologi
al problem. For instan
e, if the messenger �elds are produ
ed by the in
atonde
ay, and if the lightest messenger parti
le is stable, the abundan
e of su
h stable parti
lemay easily ex
eed the present DM abundan
e. The produ
tion of the hidden se
tor �eldmay be fa
ed with the similar problem. Therefore, the in
aton de
ay pro
ess shown inthis letter 
an put a 
onstraint on the stru
ture of the hidden and/or messenger se
tor.The SUSY breaking may o

ur at tree level as well, although we have assumed theDSB s
enarios in the previous se
tions. Our dis
ussion on the gravitino produ
tion fromthe in
aton de
ay a
tually applies to any SUSY breaking models 
ontaining Yukawaintera
tions with sizable 
ouplings. For instan
e, the O'Raifeartaigh-type models [36℄may 
ontain su
h terms. Note that a linear term in the superpotential as in the Polonyimodel only indu
es a small mixing with the in
aton.It depends on the Yukawa 
oupling 
onstants in the SUSY breaking se
tor how mu
hthe gravitinos are produ
ed by the in
aton de
ay. Although we have assumed C >�O(1)in the above dis
ussion, C may be smaller if all the 
ouplings are extremely suppressed.If this is the 
ase, the 
onstraints shown in Figs. 2, 3 and 4 are relaxed. Note that, inthis 
ase, the gravitino produ
tion sets severe 
onstraint on the SUSY breaking se
tor,instead of the in
aton parameters. We have assumed no entropy produ
tion late after thereheating of in
ation throughout this letter. If a late-time entropy produ
tion o

urs [24℄,the 
onstraints derived in the previous se
tions 
an be relaxed. Another even manifestsolution to the gravitino overprodu
tion problem is to assume the gravitino mass m3=2 <O(10) eV [37℄. In this 
ase, the produ
ed gravitinos get into thermal equilibrium due torelatively strong intera
tions with the standard-model parti
les, and su
h light gravitinosare 
osmologi
ally harmless.Sin
e the in
aton with a nonzero VEV 
ouples to all matter �elds that appear in thesuperpotential, it also de
ays into the right-handed neutrinos through the large Majoranamass term. The non-thermally produ
ed right-handed neutrinos may generate the baryon14



asymmetry of the universe through the leptogenesis [38, 39℄. Sin
e the abundan
e of theright-handed neutrino is generi
ally 
orrelated with that of the gravitino produ
ed in asimilar way, C � 1 is required for the unstable gravitinos to realize the su

essful lepto-genesis. However, for the stable gravitinos, the non-thermal leptogenesis may work evenif C = O(1). This opens up an interesting way to indu
e the non-thermal leptogenesis;the right-handed neutrinos are produ
ed by the in
aton de
ay even if there is no dire
t
oupling in the global SUSY limit; they are produ
ed simply be
ause the Majorana massis large (but smaller than the in
aton mass). Detailed dis
ussion on this topi
 will bepresented elsewhere.In this letter, we have shown that, on
e the in
aton a
quires a �nite VEV, it 
ande
ay into all matter �elds via the SUGRA e�e
t, as long as kinemati
ally allowed. It isa striking feature that the de
ay o

urs even without the dire
t 
ouplings in the globalSUSY limit. The in
aton with a nonzero VEV 
an therefore de
ay into the visible se
tor�elds through the top Yukawa 
oupling, whi
h has enabled us to set a lower limit onthe reheating temperature. For a typi
al in
aton mass in high-s
ale in
ations su
h asthe hybrid and 
haoti
 in
ation models, the in
aton 
an de
ay into the SUSY breakingse
tor �elds, produ
ing the gravitinos in a broad 
lass of the DSB models. We haveseen that the gravitino produ
tion from the in
aton de
ay severely 
onstrains the high-s
ale in
ation models. We would like to stress again that the gravitino produ
tion fromthe in
aton de
ay is a generi
 problem; it is present even in the gauge- and anomaly-mediation models, sin
e the de
ay pro
eeds irrespe
tive of whether the SUSY breaking�eld z is 
harged under some symmetries or not. In parti
ular, the gravitinos are produ
edeven if the K�ahler potential is minimal. One of the solution is to assign a symmetry on thein
aton �eld to forbid a nonzero VEV and a linear term in the K�ahler potential. In fa
t,the 
haoti
 in
ation model with an approximate Z2 symmetry 
an avoid the problem.A
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