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D-term Uplifted Raetrak InationPh Brax1, A C Davis2, S C Davis3, R Jeannerot4 andM Postma5;61 Servie de Physique Th�eorique, CEA/DSM/SPhT, Unit�e de reherhe assoi�ee auCNRS, CEA{Salay 91191 Gif/Yvette edex, Frane2 DAMTP, Centre for Mathematial Sienes, University of Cambridge, WilberforeRoad, Cambridge,CB3 0WA, UK3 Laboratoire de Physique Theorique d'Orsay, Bâtiment 210, Universit�e Paris-Sud 11,91405 Orsay Cedex, Frane4 Instituut-Lorentz for Theoretial Physis, Postbus 9506, 2300 RA Leiden, TheNetherlands5 DESY, Notkestra�e 85, 22607 Hamburg, Germany6 Nikhef, Kruislaan 409, 1098 SJ Amsterdam, The NetherlandsE-mail: brax�spht.salay.ea.fr, A.C.Davis�damtp.am.a.uk,sdavis�lorentz.leidenuniv.nl, jeannero�lorentz.leidenuniv.nl,postma�mail.desy.deAbstrat.It is shown that raetrak ination an be implemented in a moduli stabilisationsenario with a supersymmetri uplifting D-term. The resulting model is ompletelydesribed by an e�etive supergravity theory, in ontrast to the original raetrakmodels. We study the inationary dynamis and show that the gaugino ondensatesvary during ination. The resulting spetral index is ns � 0:95 as in the originalraetrak ination model. Hene extra �elds do not appear to alter the preditions ofthe model. An equivalent, simpli�ed model with just a single �eld is presented.Keywords: string theory and osmology, ination1. IntrodutionWith the advent of preision osmologial data, the need for a preise desription ofination is pressing. This is all the more onspiuous in the light of the forthominglaunh of the Plank satellite. Unfortunately, ination model building has produed aplethora of viable senarios. Few of them, though, have a sound physial motivation.Yet it is lear that ination belongs to the realm of high energy physis, as it takes plaeat energies beyond the TeV sale. Moreover, a period of ination annot be obtainedwith just the standard model �elds and their interations. It may thus be argued thata tenable determination of the ination parameters, leading to preditions for the CMBspetrum, must be ahieved within our models of physis beyond the standard model.A most promising andidate for this is string theory.
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D-term Uplifted Raetrak Ination 2Models of ination within string theory have been onstruted reently. They allfae the losely related moduli- [1℄ and �-problem [2℄. All string moduli, with theexeption of the inaton �elds, need to be �xed during ination. The resulting inationpotential should also be suÆiently at to obtain a period of slow-roll ination. Stringmodels of slow roll ination fall into two ategories. The �rst one, brane ination, usesthe motion of branes to ahieve ination [3℄. Warped throats [1℄ and non-relativistimotion [4, 5℄ may be invoked to make the inaton potential suitably at. The seondategory is moduli ination [6, 7, 8, 9℄. In this set-up one of the many string moduli�elds plays the role of the inaton. Near an extremum, the potential may be suÆientlyat for ination. The model proposed in this paper is an example of the latter approah.The �rst expliit onstrution of a string vauum with all the moduli stabilisedand with a positive osmologial onstant is the KKLT set-up [10℄. In this approaha ux potential stabilises the dilaton and the omplex struture moduli. The K�ahlermoduli aquire a non-trivial potential from non-perturbative e�ets suh as gauginoondensation. In general, the resulting on�guration is a stable AdS vauum witha negative osmologial onstant and no supersymmetry-breaking. The lifting to aMinkowski or dS bakground, in whih SUSY is broken, is ahieved with antibranesloated at the tip of the warped throats indued by the internal uxes. Unfortunately,these antibranes break supersymmetry explitly.Within the KKLT framework, and assuming that the non-perturbative potentialis of the raetrak type, it has been shown that saddle points in the moduli potentialexist around whih slow roll ination an our [8, 9℄. One of the suesses of theseraetrak ination models is the value of the spetral index ns � 0:95, very lose to theWMAP3 results. A drawbak of these models is the expliit breaking of supersymmetry,whih means that one must go beyond the supergravity approximation in whih radiativeorretions are under ontrol. In this paper we avoid the problem by building a raetrakmodel where the lifting potential is due to a manifestly supersymmetri D-term. Theuse of uplifting D-terms has been advoated in [11, 12℄.Speial are must be paid to gauge invariane, anomaly anellation and thepresene of extra meson �elds when onstruting the gaugino ondensates. It will beinteresting to see how these meson �elds an a�et the CMB preditions of the model.This touhes upon another motivation for our work, whih is to test the robustness ofthe predition for the spetral index ns � 0:95. Is this a generi predition of inationwith raetrak superpotentials, or rather a more model dependent predition? As wewill see, our model also gives ns � 0:95. Although this is not a de�nite answer to theabove question, it does suggest that the predition is generi. This laim is supportedby the analysis of a three osine ination model whih is dedued from the raetrakmodel by freezing all the �elds at their saddle point values and leaving the imaginarypart of the K�ahler modulus to roll slowly along the unstable diretion. In partiular,the spetral index of the simpli�ed model as a funtion of the only free parameter �sad,the � parameter at the saddle point, gives a very aurate desription of the exatresult obtained using the full salar potential of the raetrak model. In this sense, the



D-term Uplifted Raetrak Ination 3universality of the ns � 0:95 bound follows from the orresponding bound obtained forthe three osine model.The paper is organised as follows. In setion 2 we disuss the ingredients of themoduli setor, and present our ination model. After a short reapitulation of the slowroll formalism in setion 3, we give the results of our numerial analysis in setion 4.We �nd that they are very similar to those of other raetrak models. This leads usto propose the simpli�ed e�etive model of setion 5. Our results are summarised insetion 6.2. The raetrak modelIn this setion we fous on the model building aspets of the D-term uplifted raetrakmodel of ination. Numerial results and omparisons with the original raetrakination model an be found in the following setions. The idea behind the raetrakmodel of ination is that the moduli setor of type IIB string theory ompati�ed downto 4D plays the role of the ination setor. In the original raetrak ination papers,the proedure was implemented within the KKLT sheme whereby the vauum of thetheory is obtained via a non-supersymmetri uplifting proedure [8, 9℄. In partiular,uplifting is ahieved using anti-D-branes living at the tip of a warped throat. One of thedrawbaks of these raetrak models is the absene of an expliit supergravity desriptionfor the uplifting mehanism. In this setion we will desribe a supersymmetri upliftingmodel extending [12℄.Let us �rst desribe a minimal supergravity setting wherein the number of �elds hasbeen redued to only three �elds T and �i with i = 1; 2. Typially, in type IIB stringmodels, (the real part of) the modulus T desribes the size of the ompati�ationmanifold while the �i orrespond to meson �elds on D7 branes. The dynamisare desribed by a non-perturbative superpotential. In the senario of [12℄, thispotential arises from gaugino ondensation on D7 branes. Raetrak ination requiresa superpotential with at least two exponential terms, whih neessitates the presene oftwo non-Abelian gauge groups SU(Ni). Considering the ase of meson �elds �i arisingfrom Nfi quark avours of eah groupW = W0 + Ae�aT�r1a1 +B e�bT�r2b2 : (1)Without loss of generality, we an take the parametersW0; A; B to be real. The onstantterm arises from integrating out the stabilised dilaton and the omplex struture moduli.For simpliity we are onsidering diagonal quark ondensates �2i = (1=Nfi)PNfa=1Qai �Qai,where Qai and �Qai are quark and antiquark �elds.The onstants a; b; r > 0 are given bya = 4�k1N1 �Nf ; b = 4�k2N2 �Nf ; ri = Nfi2�ki ; (2)



D-term Uplifted Raetrak Ination 4where ki = O(1) are parameters relating the gauge oupling funtion of the SU(Ni)group to the modulus �eld T . We have identi�edfi = kiT2� (3)for any gauge group Gi. The onstants in front of the exponents are related to the gaugeparameters byA = (N1 �Nf1)(2Nf1)r1a=2 ; B = (N2 �Nf2)(2Nf2)r2b=2 : (4)The above e�etive supergravity level desription is valid for ReT � 1 orrespondingto the weak oupling limit.The model possesses a pseudo-anomalous gauged U(1)x symmetry, whose anomalyis anelled by the Green-Shwarz mehanism. This makes use of the expliit form of theU(1)x gauge oupling funtion fx = kxT=2�, whih is typial for gauge groups loatedon D7 branes. Gauge invariane implies that the �elds transform asÆT = �T � = iÆGS2 � ; Æ�i = �i� = �iÆGS2ri�i� ; (5)with � the in�nitesimal gauge parameter, and ÆGS the Green-Shwarz parameter. Withthe minimal �eld ontent onsisting of quarks and antiquarks with U(1)x harges qi and�qi, the U(1)xSU(Ni)2 anomaly onditions readÆGS = Nf12�k1 (q1 + �q1) = Nf22�k2 (q2 + �q2) : (6)Using the harge assignment of the meson �elds q�i = (qi + �qi)=2 these anomalyonditions are automatially satis�ed for the parameters (2). In addition there is thenon-trivial U(1)3x onditionÆGS = 13�kx hN1Nf1(q31 + �q31) +N2Nf2(q32 + �q32)i (7)whih an be satis�ed for suitable parameter hoies.So far, we have only alluded to the neessary stringy ingredients whih lead to ourlow energy supergravity model. Although we do not attempt to provide a ompletestringy onstrution of the model, more details about the possible embedding in stringtheory an be provided. In partiular, expliit models may require the existene of more�elds than the ones presented so far in a minimal setting.First of all, the existene of hiral �elds an be obtained by onsidering magnetisedD7 branes in orientifold models [13℄. The internal magneti �eld is related to the e�etiveFayet-Iliopoulos term E=X3 [see (10) and (14)℄ of the U(1)x gauge symmetry. Close toa �xed point and onsidering 2 staks of N1 and N2 D7 branes together with a singleisolated brane, we an onstrut the low energy spetrum whih omprises the quarksQi in the Ni representation orresponding to the open string between the Ni D7 branesand the U(1)x brane. Antiquarks are assoiated to open strings between the staks ofD7 branes and the orientifold image of the U(1)x brane (hene Nfi = 1 here). There isalso a �eld � assoiated with the open string between the U(1)x brane and its orientifoldimage. We fous on models where its U(1)x harge is positive implying that � piks up



D-term Uplifted Raetrak Ination 5a positive mass thanks to the e�etive Fayet-Iliopoulos term, and is stabilised at theorigin of �eld spae. There are also harged �elds orresponding to the open stringbetween the D7 staks (and also between the staks and their orientifold images).We fous on SU(Ni) D-at diretions. Flat diretions are in one to oneorrespondene with analyti gauge invariants [14℄ suh as the meson �elds �i builtfrom the quarks and antiquarks. We onsider the partiular diretion whereby all theanalyti gauge invariants vanish exept the mesons �i. We speialise even further tothe D-at diretions parameterised by � = �1 = �2 (gauge invariane then requires weset r1 = r2 = r). Along this partiular diretion, non-perturbative phenomena in theSU(Ni) gauge groups lead to the appearane of the gaugino ondensation superpotentialwe have used. We will not pursue any further the string onstrution of the model. Inpartiular, the analysis of the anomaly anellation is modi�ed by the presene of � andof the open strings linking the D7 staks. This is left for future work.The full potential of the theory is given by V = VF + VD withVF = eK �KI �JDIWD �J �W � 3jW j2� ; VD = 12Re (fx)(i�IKI)2 ; (8)where I; J are summed over T;�. We will be using the superpotential (1), but withjust a single meson �eld for simpliity (so �i = � and ri = r). The last ingredient ofthe supergravity model needed to alulate it is the K�ahler potential K. For gauginoondensation on D7 branes, we have a minimal K�ahler for the meson �elds, as in [12℄K = �3 log �T + �T�+ j�j2 : (9)De�ning T = X + iY and � = j�j z the D-term is thenVD = EX3  1 + 2X�23r !2 (10)where E = 9Æ2GS�=(16kx). The F -terms giveVF = e�224X3�A2 e�2aX�2(1+ar) �3a2r2 + 2a[2aX2 + 6X � 3r℄�2 + 3�4�+B2 e�2bX�2(1+br) �3b2r2 + 2b[2bX2 + 6X � 3r℄�2 + 3�4 + 3W 20 �2�+ 2AB e�(a+b)X�2+(a+b)r �3abr2 + [4abX2 + 6(a+ b)X � 3(a+ b)r℄�2 + 3�4� os([a� b℄Y )+ 6W0Ae�aX�ar (2aX � ar + �2) os(aY )+ 6W0B e�bX�br (2bX � br + �2) os(b Y ) � : (11)The kineti terms obtained from the K�ahler potential areLkin = 34X2 (��Y ��Y + ��X��X) + ������ : (12)z The Goldstone boson arg� an be gauged away, and beomes the longitudinal polarisation of theanomalous U(1)x vetor �eld. At the level of the salar potential it orresponds to a at diretion inV .



D-term Uplifted Raetrak Ination 6For ompleteness, and to analyse the robustness of the model to hanges of theK�ahler potential, we also onsider models with no-sale K�ahler potentialsK = �3 log �T + �T � j�j2=3� ; (13)in whih ase the D-term isVD = 36EX(6X � �2)2  1 + �23r!2 ; (14)and the F -term isVF = 3(6X � �2)2 ��2AB e�(a+b)X�2+(a+b)r �3abr2 + [2abX + 2abr + 3a+ 3b℄�2� os([a� b℄Y )+ A2a e�2aX�2(1+ar) �3ar2 + 2[aX + ar + 3℄�2�+ 6W0Aae�aX�ar os(aY )+B2b e�2bX�2(1+br) �3br2 + 2[bX + br + 3℄�2�+ 6W0Bbe�bX�br os(bY ) � : (15)With its no-sale form this more losely resembles the potential used in the originalraetrak model. The kineti terms areLkin = 9(6X � �2)2 (3��Y ��Y + 3��X��X + 2X������� 2������X) : (16)In the �! 0 limit, these two models beome idential. We will see that during inationthe �eld � is small, and that the inationary properties of the models are indeed verysimilar.3. InationWith all the ingredients presented in the previous setion, we are now in position tostudy the struture of ination in these models. In the following, the oeÆients inthe superpotential are free, and not restrited to the hoies (2) and (4). We willbriey omment on the ompatibility with the gaugino ondensation superpotential asa funtion of Ni, Nfi and ki.The potentials (11), (15) presented in the previous setion have a very rih struturewith many extrema. The minimum is lose to the global SUSY minimum WT = 0 withX / ja� bj�1. Hene, a; b are to be lose together so that X � 1 in order to guaranteethe validity of the theory. The minimum an be lifted and tuned to a Minkowskivauum with zero energy using the D-term. Ination takes plae near a saddle point ofthe potential. A substantial period of ination giving rise to a nearly at spetrum ofdensity perturbations is obtained if the saddle point is suÆiently at. In this ontext\suÆiently at" means having slow roll parameters muh smaller than unity. The �rstslow roll parameter �, whih measures the slope of the potential,� = (�NV )212LkinV ; (17)



D-term Uplifted Raetrak Ination 7vanishes at the saddle point. The seond slow roll parameter �, whih measures the(negative) urvature of the potential, is the lowest eigenvalue of the matrixNab = ga(��bV � �eb�eV )V (18)where the metri gab is given by Lkin = (1=2)gab��'a��'b, with 'a = fX; Y; �g. Forgeneri parameters, � will not be small. The inaton, i.e. the unstable diretion atthe saddle point, should be mostly along the Y -diretion. Sine Y does not appearin the K�ahler potential, this will help to solve the �-problem. In addition we need tomake sure there is no runaway X ! 1 behaviour from the saddle, orresponding todeompatifying spae, and that the �elds do roll towards the Minkowski minimum.It is onvenient to use the number of e-foldings N = � ln a (normalised so thatN = 0 at the end of ination) as a measure of time. The sales measured by COBEand WMAP leave the horizon N� � 55 e-folds before the end of ination. Here and inthe following the subsript � denotes the orresponding quantity at COBE sales. Slowroll ination ends when one of the slow roll parameters beomes greater than one. Inour numerial analysis we use � = 1 to determine the end of ination.For the raetrak models under onsideration the mass eigenstates of Nab in theorthogonal diretions to the inaton path are large m2=H2� � 1. Therefore it is avery good approximation to ignore the isourvature perturbations, leading to e�etivelysingle �eld ination. The salar power spetrum is then given byP = V150�2� (19)evaluated N� e-folds before the end of ination. The COBE normalisation imposesthat P � 4 � 10�10. A seond ruial observable is the spetral index of the inatonutuations: ns � 1� d lnPdN � 1 + 2� (20)where for the seond equality we used � � � for raetrak models. WMAP3 hasmeasured ns = 0:95 � 0:02 for a negligible tensor ontribution to the perturbationspetrum [15℄. As we will see the tensor ontribution is indeed immeasurably small forour models.In general it is not hard to tune the sale of ination, and get a power spetrumof the observed size. The real test for any model is whether it an produe a saleinvariant spetrum as well. This is also true for raetrak ination. Indeed, for themodel with a minimal kineti term for the meson �eld (9), the potential has a salingproperty: under a resaling Li ! �Li with L = fa; b; 1=r; 1=X; 1=Y g the potential salesas V ! �3V . We an simply hoose � to �t the amplitude of the perturbations (19) tothe COBE spetrum. Note that if we make the above saling and sale ~Li ! �3=2 ~Li with~L = fW0; A; B;pEg as well, the potential remains invariant V ! V . If we �nd oneset of parameters suitable for ination, it is part of a whole family of parameter valueswhih all give the same inationary preditions. The saling behaviour of the potentialis the same as in the original raetrak models. Models with no-sale K�ahler (13) have
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D-term Uplifted Raetrak Ination 9K�ahler 2�r 1010E 105W0 Xmin Ymin �min Xsad �sad �sadMinimal 1 9.9 -6.5268 105.03 19.96 0.00615 127.28 0.0032 -0.0095100 13.8 -9.8224 135.28 19.22 0.153 164.87 0.0768 -0.0004263 13.6 -11.559 166.30 16.63 0.251 201.14 0.152 -0.0081No-sale 1 9.8 -6.4974 104.64 19.93 0.0891 126.83 0.0507 -0.010268 4.7 -5.898 102.38 15.85 1.925 120.09 1.367 -0.0095Table 1. Minima and saddle points for parameters (22), with various r and K�ahlers.vauum. The saddle points are loated at Ysad = 0. The results are shown in table 1for the values of W0 whih maximise the spetral index ns. In eah ase the maximumvalue was ns � 0:948, whih is the same as that obtained in both the original raetrakpapers [8, 9℄.Let us take a loser look at the �rst entry of table 1, whih orresponds to aminimal K�ahler potential for the meson �eld, and has 2�r = 1. The orrespondingpotential is shown in �gure 1. We integrated the equations of motion (21) numeriallyfor this system, using initial onditions where the �eld starts at rest lose enough to thesaddle so that ination lasts at least N > 55 e-folds. The results are shown in �gure 2.As antiipated, initially the inaton diretion is predominantly along the Y -diretion.Indeed, at the time COBE sales leave the horizon, the X and � �elds are pratiallystill at their values at the saddle, whereas Y has moved slightly. It is only towards theend of ination, and during the osillations after ination as the �elds approah theirminimum, that all three �elds are evolving. This an be appreiated by omparing the�eld values at the various points of interestXsad = 127:28; Ysad = 0; �sad = 0:00317X� = 127:27; Y� = 0:18; �� = 0:00317Xend = 121:79; Yend = 10:00; �end = 0:00360Xmin = 105:03; Ymin = 19:96; �min = 0:00615 (23)After ination the sale of SUSY breaking and all soft mass sales are set by the gravitinomass m3=2 � 7� 107GeV.The amplitude and spetral index for the above parameters are P = 3:4 � 10�10and ns � 0:948. The parameter W0 has been hosen to maximise the spetral index,as illustrated in �gure 3a. Although the potential an be tuned to be arbitrarily atat the saddle � ! 0, we nevertheless have not been able to obtain ns � 1 + 2� atCOBE sales larger than 0:948. One an argue, as in [8℄, that sine the parameterpoints whih gives the largest ns also give the most e-folds of ination, we are mostlikely to live in a part of the universe with the maximum spetral index. This thenleads to the predition ns � 0:95. Figure 2 shows ns as a funtion of the number ofe-folds N . Around the COBE sale the N -dependene is small. The running spetralindex dns=d lnk � �dns=dN = �5�10�3 is unmeasurably small. The same goes for thetensor ontribution, sine the Hubble parameter during ination is H� � 2� 1010GeV,
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Figure 2. Evolution of the (resaled) �elds as funtion of the number of e-folds Nbefore the end of ination. COBE sales leave the horizon at N� � 55. Left plot alsoshows the spetral index ns. This and all other plots for parameters (22) and the topline of table 1.whih is far below the measurable values of order 1014GeV.Finally, we would like to omment on the string origin of the parameters in ourD-term uplifted raetrak model. Just as in the original raetrak model, validity ofthe supergravity theory X � 1 is guaranteed for ja � bj < 1. In terms of the gaugeparameters this implies unusually large gauge groups, with jN1 � N2j � N1. However,the main obstale to embedding our model in string theory is the low value of theHubble onstant during ination (�xed to �t the COBE data), and onsequently thelow gravitino mass in the vauum after ination. This requires taking E � 10�9 in (10),whih translates into a Green-Shwarz parameter ÆGS � 10�5pkx. It is not lear how toget suh a low value [16, 13, 17℄. A solution to this problem ould be to add an extra�eld to the dynamis, whose purpose is to partially anel the D-term as in [18℄. Suha anelling �eld ould be identi�ed with the �eld � between orientifold images of U(1)branes. This is under investigation.5. An e�etive raetrak modelIn the r ! 0 limit (and V minimised by � = 0) our model approahes the originalraetrak model with just one modulus �eld T . It is thus not surprising that even forr 6= 0, but � � 1, our model shares many features of the original model. In bothmodels T is minimised lose to the WT = 0 global SUSY minimum. X � 1 is neededto guarantee the validity of the theory, whih is assured for ja� bj � a; b. The preseneof a minimum and a saddle at Y = 0 puts additional onstraints on the parameters:A + B < 0, W0 < 0 and a < b. Near the saddle the inaton is mostly along theY -diretion, and isourvature perturbations are negligible.However, quantitatively the models di�er by O(1) fators. In our example (22) with2�r = 1 we hoose the same fa; bg values as in the example disussed in the originalraetrak paper. Our values for W0, H�, and X, Y at the minimum are of the sameorder of magnitude, but are not the same. It is therefore very surprising, that despite
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(b)Figure 3. (a) Variation of spetral index ns and the initial value of slow-roll parameter�sad as a funtion of W0. (b) The spetral index ns as a funtion of the value of �sadat the saddle for the raetrak model (solid green) and the simpli�ed potential (24)(dashed blue). The parameters are hosen as in (22).the O(1) quantitative di�erenes in parameter and �eld values, we also found ns � 0:95,irrespetive of the exat form of the K�ahler potential for the �-�eld. The improvedraetrak model [9℄, whih employs two moduli �elds Ti, also gives ns � 0:95. Thistherefore seems to be a robust predition of ination with raetrak potentials.In all three versions of the raetrak model the potential during ination whenCOBE sales leave the horizon, is of the formV = V0 + V1 os(aY ) + V2 os(bY ) + V3 os([a� b℄Y ) (24)with Y the slowly rolling inaton �eld, and the other �elds nearly onstant. Indeedin our model X; � are nearly �xed near the saddle, and one an approximate theX; �-dependent funtions Vi with onstants. In this approximation the kineti termLkin = 3(�Y )2=(4X2) an be made anonial by a onstant resaling of the �eld Y . Theonly di�erene with the raetrak models is that the Vi and the kineti term hangeafter observable ination, when the \spetator" �elds X; � relax to their values at theminimum. It will be interesting to see whether the presene of these spetator �eldsan a�et the inationary preditions. If, on the other hand, all physis were to bewell aptured by the potential (24) above, then this would explain the universality ofraetrak model preditions for the inationary observables.The potential (24) is suÆiently simple that we an expliitly san the parameterspae for saddle points whih are at enough for ination, at least numeriallyk. Tothis end we solve for the following onditions:(i) there is a minimum at Y = Y0: V 0(Y0) = 0 (and V 00(Y0) > 0)(ii) the osmologial onstant is zero: V (Y0) = 0(iii) the saddle at Y = 0 is at: V 00(0) � 0(iv) the potential is saled V ! �V to �t the observed power spetrum: P = 4� 10�10.k Here we restrit ourselves to potentials with saddles at Y = 0, as has been done in all analyses ofthe various raetrak models.



D-term Uplifted Raetrak Ination 12These four onditions �x all the Vi. The values of a and b are hosen as in (22). Theresulting spetral index depends only on the value of � at the saddle; for di�erent valuesfor X; Y0; a; b, but the same �sad (determined by the preision to whih ondition (iii)above is solved) the spetral index is the same. The dependene on �sad is small. Thisis shown in �gure 3b, where ns is plotted as a funtion of �sad. For all �sad < �0:02,guaranteeing enough e-folds of ination, the spetral index ns � 0:94� 0:948.Figure 3b also shows the orresponding results for our D-term uplifted raetrakmodel. The predition for the spetral index is pratially idential. We an thusonlude that the physis of raetrak is well aptured by the simpler potential (24).This explains the universal predition for the spetral index ns � 0:948 in all raetrakmodels.Although the spetral index only depends on �sad, and not the other parameters, thedegree of �ne tuning of the potential does depend on those parameters. For example,taking Y0 = 20, X = 100 and a; b as in (22), we �nd that tuning �sad at the 1%level requires tuning Vi at the level of 10�6 {. Inreasing X by an arbitrary fatordereases this tuning by about the same fator. The same applies for a saling of Y0, ora simultaneous saling of a; b. The degree of �ne tuning is most sensitive to ja� bj, andthe larger their di�erene the smaller the tuning. For example, taking �b = f49; 45; 35ghanges the level of �ne tuning to f5�10�10; 8�10�7; 1�10�6g. We note however, thatin a spei� raetrak model, the values of X; a; b are related, and annot be adjustedindependently. Moreover ja� bj needs to be suÆiently small to assure X � 1.6. ConlusionIn this paper we have presented a raetrak model embedded in a moduli stabilisationsenario with an uplifting D-term. In addition to the volume modulus T , a meson�eld is added to the model to guarantee gauge invariane. The resulting model isompletely desribed by an e�etive supergravity theory, in ontrast to the originalraetrak models.The model is qualitatively similar to the other ination models based on a raetraksuperpotential. For ertain parameter hoies the volume modulus is stabilised in aMinkowski vauum with ReT � 1, ensuring the validity of the e�etive theory. Inationtakes plae near a saddle of the potential. During the initial stages of ination, inludingthe time observable sales leave the horizon, the slowly rolling inaton �eld an, to avery good approximation, be identi�ed with ImT . However during the �nal stages ofination all �elds ome into play.The height of the potential an be saled to �t the COBE normalisation of thedensity perturbations. Tuning is needed to make the saddle suÆiently at for inationand to get a spetral index that is slightly red shifted. Although the saddle point an be{ I.e. hanging the parameters ÆVi � 10�6Vi will give Æ�sad � 0:01. This agrees with the tuning inthe raetrak senario: hanging ÆW0 � 10�6W0 will hange Æ�sad � 0:01 for the parameters (22) and2�r = 1 (the �rst entry of table 1).
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