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tWe study the dissipative e�e
ts on the MSSM in
ation, whi
h su�ers from severe �ne-tuning problems on potential parameters and initial 
onditions. Dissipative e�e
tsappear as a 
onsequen
e of intera
tions between an in
aton and other �elds and theya
t as a fri
tion term in its equation of motion. Of 
ourse it also 
an emerge inthe 
ase of MSSM in
ation. However, we �nd that in the in
ationary stage it 
anneither overwhelm the fri
tion term that is due to the 
osmi
 expansion nor a�e
tthe primordial 
u
tuations. Therefore it 
annot relax the �ne-tuning problem of theMSSM in
ation.1 Introdu
tionMSSM in
ation [1℄ is a model of in
ation that is based on an extension of the Standard Model (SM) thatis motivated by the supersymmetry (SUSY), the Minimal Supersymmetri
 Standard Model (MSSM). Inthis model, the in
aton is the 
at dire
tion in the MSSM, a gauge invariant 
ombination of either squarkor slepton �elds. Flat dire
tions 
an be lifted by the SUSY-breaking e�e
t and the non-renormalizablepotential. If a �ne-tuning of the potential parameters is realized, the potential for the 
at dire
tion hasa saddle point and in
ation 
an o

ur near the point. If we take the in
aton as the �u �d �d or the LL�e 
atdire
tion, the saddle point lo
ates at ' � 1014 GeV and the Hubble parameter during in
ation is about1� 10 GeV. Here ' is the in
aton. Its most interesting feature is that the in
aton 
ouplings to parti
lesin the SM are known and, at least in prin
iple, measurable in laboratory experiments su
h as the LargeHadron Collider or a future Linear Collider. We do not need new physi
s beyond the MSSM.Despite these attra
tive features des
ribed above, the MSSM in
ation has some drawba
ks, su
h as the�ne-tuning of the potential parameters and worse, the �ne-tuning of the initial 
ondition. In parti
ular,the latter is a very diÆ
ult problem. Be
ause the slow-roll region for the MSSM in
ation is extremelynarrow, if the former is solved by some me
hanism, the in
aton must rea
h the slow-roll region with anextremely small velo
ity in order to expand the Universe exponentially.However, previous analyses have been negle
ted the intera
tions between the in
aton and other MSSMparti
les, whi
h we know well, when they 
onsider the dynami
s of the in
aton. In general, intera
tionsof the s
alar �elds with other �elds 
an 
ause the dissipative e�e
t. This phenomenon has been dis
ussedin the high temperature regime [2, 3℄, in parti
ular, in the 
ontext of the warm in
ation [4℄. It a
ts as afri
tion term in the equation of motion of the in
aton and 
an a�e
ts its dynami
s. Therefore it has apossibility of relaxation of the �ne-tuning of the MSSM in
ation.We investigate the intera
tion between the MSSM in
aton and other �elds and the resultant dissipativee�e
t 
arefully. As a 
onsequen
e, dissipative e�e
ts arise but 
annot 
hange the dynami
s of the MSSMin
aton in the in
ationary stage. Moreover, it does not a�e
t the primordial 
u
tuations. Thereforedissipative e�e
ts 
annot relax the �ne-tuning problem of the MSSM in
ation.2 MSSM in
ationLet us summarize the main features of the MSSM in
ation [1℄ brie
y. We adopt a non-renormalizablesuperpotential of the form Wnon = �6M3G�6: (1)1



HereMG is the redu
ed Plan
k mass and � is a supermultuplet whose s
alar 
omponent � parameterizesthe 
at dire
tion. in the 
ase where the �u �d �d 
at dire
tion a
ts as an in
aton, � represents the following�eld 
on�guration. ~�u�i = ~�d�j = ~�d
k = 1p3�; (j 6= k; � 6= � 6= 
); (2)where i; j and k are the family indi
es and �; � and 
 are the 
olor indi
es. We assume that � is parameterof order unity. The 
at dire
tion is lifted by the superpotential (1). Hereafter we 
onsider the 
ase whenthe s
alar 
omponent of � a
quires a large expe
tation value.In
luding the SUSY breaking e�e
t from the hidden se
tor, the s
alar potential is found to beV (') = 12m2�'2 � A�24M3G'6 + �232M6G'10; (3)where m� �100 GeV - 1 TeV is the soft-breaking mass of � and A is a parameter whose amplitude is alsojaj ' O(100) GeV - 1 TeV. This is justi�ed when SUSY-breaking is gravity-mediated. Here we minimizedthe potential along the angular dire
tion of �, and rewriting the 
at dire
tion as � = 1p2'ei�, with 'being a real quantity,If A is �ne-tuned as A2 = 20m2�(1 + �2=4), with �2 � 1, V (') has a in
e
tion point '0 at'0 = �2AM3G5� �1=4 (1 +O(�2)); V 00('0) = 0; (4)where V ('0) = 415m2�'20(1 +O(�2)): V 0('0) = m2�'0 �O(�2); (5)Therefore in
ation 
an o

ur near the in
e
tion point and its Hubble parameter isHMSSM ' 2m�3p5MG'0 ' 10�16 � m�103GeV�'0: (6)The potential for MSSM in
ation V (') 
an be expanded around the in
e
tion point asV (') = 415m2�'20 + 83m2�'0 ('� '0)3: (7)The slow-roll parameters, � � (M2G=2)(V 0=V )2 and � �M2G(V 00=V ), 
an be 
al
ulated from Eq. (7).We �nd that the required degree of �ne-tuning isj�j � 10�9 (8)in order to generate the 
orre
t primordial perturbations [1℄.Moreover we �nd that slow roll region is very narrow, j' � '0j='0 � 10�10 even if the above �ne-tuning is a

omplished by some unknown me
hanism. Therefore the in
aton must rea
h the slow-rollregion with an extremely small velo
ity, H�1d(log')=dtj'='
+ < '20=20M2G. Otherwise the in
atonpasses through the slow-roll region within a time interval of H�1 be
ause the time interval of passing isshorter than the time s
ale of de
eleration of the in
aton. If the above 
ondition is a

omplished, theUniverse goes through the self-reprodu
ing regime when exa
tly ' = '0 and we have enough number ofe-folds and 
orre
t primordial perturbations.3 Dissipative e�e
tNext, we 
onsider the dissipative e�e
ts. So far, we have not 
onsidered the intera
tions between thein
aton and other �elds, whi
h might 
ause dissipative e�e
ts and modify the dynami
s of the in
aton.As a 
onsequen
e, the narrowness of the slow-roll region 
ould be relaxed if dissipative e�e
ts turned outto be strong enough. Here, we see whether it 
an relax the problems of the MSSM in
ation or not.2



3.1 Modi�
ation to in
ationWhen an in
aton � has intera
tion with other �elds, espe
ially when they are in thermal bath, a dissipa-tive phenomenon takes pla
e and the in
aton feels a damping for
e. Although often a thermal 
orre
tionto the potential also 
auses and might a�e
t the slow-roll 
onditions, in the 
ontext of the MSSM in
ation,it is diÆ
ult to 
onsider su
h a 
ase. For the �elds that 
ouple to the in
aton a
quire large mass fromthe va
uum expe
tation value of the in
aton. Su
h �elds are hard to be in thermal bath. Moreover, ifthey are in thermal bath, their energy density will overwhelm that of the in
aton. Consequently, in
atondoes not o

ur. Instead, we 
onsider the 
ase where the in
aton 
ouples to the radiation 
atalyzed byheavy �elds [5℄. In su
h a 
ase, we do not have to worry about the thermal 
orre
tion to the potential.A

ording to the dis
ussion above, we take into a

ount dissipative e�e
ts and write down the equationof motion for the in
aton � approximately as��+ (3H + Fr) _�+ �V�� = 0: (9)Here Fr is the dissipative 
oeÆ
ient representing the dissipative e�e
t, whi
h may enhan
e in
ation [6℄anddepends on � and the temperature of radiation T . We estimate the value of Fr in the next subse
tion.The relative strength of the dissipative e�e
t 
ompared to the fri
tion term from the expansion 
an bedes
ribed by a parameter r, r � FrH : (10)If r is mu
h larger than unity, the dynami
s of in
aton would be modi�ed. In order to estimate itquantitatively, we evaluate the dynami
s of the in
aton and other 
omponents of the Universe further.Other equations that governs the universe are,3M2GH2 = V (�) + �
 ; (11)_�
 + 4H�
 = Fr _�2; (12)where �
 is the energy density of the radiation, that is, �
 = (�2=30)g�T 4. Here g� is the e�e
tive numberof relativisti
 degree of freedom. (11) is the Friedman equation and (12) is the Boltzmann equation forthe radiation.The slow-roll 
onditions in this 
ase are, then, the 
onditions that the time variations of H , _� and Tis negligible in 
omparison to the time s
ale of the 
osmi
 expansion. Using equations (9), (11) and (12),if r � 1, the slow-roll 
ondition 
hanges as [7℄�� r; � � r; � � r: (13)Here � is the new slow-roll parameter introdu
ed in order to take into a

ount the time variation of Fr,� �M2G�V;�Fr;�V Fr � : (14)We 
an see from (13) that slow-roll 
ondition is relaxed by the fa
tor of r. 1If we apply this e�e
t to the MSSM in
ation, the slow-roll region is determined by the 
ondition� � r. As a 
onsequen
e, the slow-roll region will be enhan
ed,j'� '0j'0 � 10�10r: (15)3.2 Dissipative 
oeÆ
ients for the MSSM in
atonThen, we estimate the dissipative 
oeÆ
ients of the MSSM in
aton. The relevant part of the potentialis, then, Vint =h21(j�j2j�1j2 + j�j2j�2j2 + j�1j2j�2j2) + h1h2(��2y�1y�2 +H:
:)+ h2(j�1j2jy1j2 + j�1j2jy2j2 + jy1j2jy2j2)+ h1 �� � �PL � + �� � �PR ��+ h2 ��1 � yPL y + ��1 � yPR y� ; (16)1Stri
tly speaking, the degree of relaxation is dependent on the form of the potential V and the dissipative 
oeÆ
ientFr. 3



Here �; � and y are the s
alar �elds. PL(PR) = 1�
5(1+
5) is left-(right-)handed proje
tion operators. � and  y are the four-
omponent Dira
 spinor . As derived in [2℄, the dissipative 
oeÆ
ients are
al
ulated using the in-in or the 
losed time-path formalism,Fr = h41'
(t)2 Z t�1 dt0(t0 � t) Z d3q(2�)3 Im �G++�i (q; t� t0)G++�i (q; t0 � t)� ; (17)where G++� (k; t) is the Fourier transform of the Feynman propagator of � [2℄In order to in
lude the dissipative pro
ess, we dress the � propagator with  loop. The imaginarypart of its self energy generate non-zero value of Fr. At zero temperature, although there exists animaginary part of its self energy, its 
ontribution 
an
els out. At non-zero temperature non-zero value ofthe dissipative 
oeÆ
ient appears[5℄, Fr = Cg�T 3'2 : (18)Here C is a numeri
al 
onstant of O(10) and g� ' O(102) is the relativisti
 degree of freedom. However,the radiation must not overwhelm the va
uum energy, (�2=30)g�T 4 < (4=15)m2�'20. As a result, thedissipative 
oeÆ
ient Fr is smaller than 3H , the fri
tion 
oeÆ
ient from 
osmi
 expansion unless g� isextremely large. 2 Therefore, dissipative e�e
ts 
annot relax the �ne-tuning problem or the problem ofnarrowness of the slow-roll region.4 Con
lusionWe have studied the e�e
t of the intera
tion of the MSSM in
aton. The intera
tion between the MSSMin
aton and the other �elds 
an 
ause the dissipative e�e
t. However, this e�e
t is very weak and 
annot
hange the dynami
s of the MSSM in
aton. It also does not 
hange the primordial perturbations that theMSSM in
aton generates. Therefore, there still remains the problem of the narrowness of the slow-rollregion of the MSSM in
aton. The �ne-tuning problem of the MSSM in
ation must be solved by otherme
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