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DESY 08-049Raetrak Ination and Cosmi StringsPh Brax1, C van de Bruk2, A C Davis3, S C Davis3,R Jeannerot4 and M Postma5;61 Institut de Physique Th�eorique, CEA, IPhT, F-91191 Gif-sur-Yvette, Frane.CNRS, URA 2306, F-91191 Gif-sur-Yvette, Frane2 Department of Applied Mathematis, Shool of Mathematis and Statistis,University of SheÆeld, Hounds�eld Road, SheÆeld, S3 7RH, UK3 DAMTP, Centre for Mathematial Sienes, University of Cambridge, WilberforeRoad, Cambridge, CB3 0WA, UK4 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, .vandebruk�shef.a.uk,A.C.Davis�damtp.am.a.uk, S.C.Davis�damtp.am.a.uk,jeannero�lorentz.leidenuniv.nl, postma�mail.desy.deAbstrat. We onsider the oupling of raetrak ination to matter �elds as realisedin the D3/D7 brane system. In partiular, we investigate the possibility of osmistring formation in this system. We �nd that string formation before or at the onsetof raetrak ination is possible, but they are then inated away. Furthermore, stringformation at the end of ination is prevented by the presene of the moduli setor. Asa onsequene, no strings survive raetrak ination.1. IntrodutionRaetrak ination is a promising inationary model, whih an be realised withinstring theory [1, 2℄. In this senario, ination is driven by K�ahler moduli �elds. Theoriginal string theory senario is based on the KKLT mehanism for moduli �xing,extending it to inlude a raetrak-type superpotential, i.e. the superpotential ontainsmore than one exponential of the K�ahler modulus �eld [1℄. In a later development,based on an expliit ompati�ation of type IIB string theory, raetrak ination withtwo omplex K�ahler moduli has been onsidered [2℄. In these papers, the KKLT set-up has been used, in whih a ux potential stabilises the dilaton and the omplexstruture moduli. A non-trivial potential for the K�ahler moduli is generated by non-perturbative e�ets (for example via gaugino ondensation). This alone results in anAnti-de Sitter (AdS) vauum, whih is then uplifted by the presene of anti-branes,whih break supersymmetry expliitly. In [3℄ a raetrak model was onstruted, inwhih the uplifting is obtained by D-terms, as suggested in [4, 5℄.
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Raetrak Ination and Cosmi Strings 2In all ases the possible presene of additional �elds during raetrak ination hasbeen ignored (apart from [3℄, where additional meson �elds on D7 branes have beeninluded). In supergravity, interations between the K�ahler modulus �eld and other�elds are inevitable and one may wonder whether the dynamis of the modulus �eldare slightly modi�ed. With the meson �eld onsidered in [3℄, the features of raetrakination were not signi�antly altered. Additionally, topologial defets, suh as osmistrings, may form during or after ination. In this paper, we extend the raetrakination senario and study the impat of suh additional �elds on ination. The modelwe onsider is inspired by the D3/D7 system in type IIB string theory ompati�ed onK3�T 2=Z2 [6℄. On top of a K�ahler modulus �eld T , the system ontains a neutral �eld�, desribing the interbrane distane and two harged �elds ��, desribing open stringsstrething between the D3 and the D7 brane. This onstrution is the stringy analogueof D-term hybrid ination. The main di�erene we introdue here is that ination isdue to the raetrak setor and is not driven by the interbrane potential. Cosmi stringsare formed when the harged �elds ondense. We investigate whether the formation ofthese strings is still possible in this senario.The ondensation sale depends on a Fayet-Iliopoulos (FI) term whih originatesfrom a non-trivial ux on D7 branes. In the low energy supergravity desription, suh FIterms are either onstant when a U(1)R gauged R-symmetry is present or �eld dependentwhen the U(1) gauge symmetry is pseudo-anomalous. Here the struture of thesuperpotential, after the dilaton and the omplex struture moduli have been stabilisedby uxes, prevents the existene of the R-symmetry. Pseudo-anomalous symmetrieswith a �eld dependent FI term exist and an be used to uplift the potential [3℄. D-term osmi strings neessitate the introdution of either two FI terms, one for upliftingand one for ondensationz or a single FI term together with an uplifting anti-brane.In fat, we will see that even when no FI term is introdued the ondensation of theharged �elds an be triggered by the F -term potential. This is a purely supergravitye�et; the U(1) symmetry breaking is indued by the moduli setor. If this oursthe F -term strings that form during the phase transition have a tension that dependson the vauum expetation values of the moduli �elds. In all ases, we �nd that eitherstrings are inated away when reated before or during ination, or they are dynamiallyprevented from forming in the �rst plae.The paper is organised as follows. In Setion 2 we desribe a simple toy model inwhih osmi strings form, and whose string tension is �eld dependent. In Setion 3we review the setup of raetrak ination. In Setion 4 we ouple the raetrak modelto matter �elds and study the dynamis of the �elds during ination. We disuss theonditions under whih osmi strings form. We disuss and summarise our �ndings inSetion 5.z With only one FI term, the uplifting term is removed by the harged �eld ondensation.



Raetrak Ination and Cosmi Strings 32. Field dependent F -term stringsIn this setion, we desribe a simple situation where �eld dependent osmi strings mayform. By \�eld dependent" we mean that the string tension depends on the vauumexpetation values (VEVs) of other �elds in the theory. Cosmi strings form during aphase transition if the vauum manifold has non-ontratible loops, as is the ase in aU(1) symmetry breaking.A U(1)-breaking phase transition will our in a supersymmetri theory with thesuperpotential and D-term potentialsW = ��(�+�� � x2) ; VD = g22 �j�+j2 � j��j2 � ��2 ; (1)where � is a oupling onstant, g the U(1) gauge oupling, x a mass parameter, and� a Fayet-Iliopolous term. The �elds �� are oppositely harged, while the third �eld� is neutral. If the value of � is below some ritial value, the harged �elds willhave a tahyoni instability and will ondense. For a F -term driven model with noFI term, �+�� = x2 in the true vauum. For D-term driven models x = 0, and theglobal minimum has �� = 0 and �+ = p�. In both ases the U(1) symmetry breakingprodues osmi strings. We will refer to these two types of strings as F -term andD-term stringsx.We note that apart from symmetry breaking, the above theory an also give riseto hybrid ination. In this paper we will be mainly be interested in models in whihination is produed by a di�erent setor of the full theory. However some featuresof supersymmetri hybrid ination will be relevant to our analysis, so we will brieyreview it here. In hybrid ination models � is the inaton. For h�i larger than theritial value, the potential has a valley of loal minima where ination takes plae. TheU(1) gauge symmetry is unbroken and the \waterfall" �elds �� are zero. At tree levelthe inationary diretion is at, but it is lifted by loop orretions whih indue theslow rolling of the inaton. When � falls below the ritial value, the phase transitiondesribed above ends ination, and osmi strings form.Finding a non-vanishing onstant x-term in string theory has proved to be diÆult.Instead an FI term, and thus D-term symmetry breaking, is easily realised by a D3/D7system. This, and the orresponding hybrid ination model, is desribed in [6℄. Whenmoduli �elds are introdued, the presene of a onstant FI term is forbiddenk. A modulidependent FI term is required instead, leading to the formation of �eld dependent D-term strings. However, as was shown in [7℄, in this set-up it is hard to ombine inationand moduli stabilisation in a working model. In fat, the problems of ombining inationwith moduli stabilisation our in a wide range of models [8℄, and are not restrited toD-term hybrid ination.x Not to be onfused with the stringy usage of F- and D-strings, whih refer to fundamental andDirihlet strings respetively.k In supergravity a onstant FI term an only be introdued if the theory is invariant under a gaugedR-symmetry. However the onstant W0 in the KKLT moduli superpotential breaks this R-symmetry.



Raetrak Ination and Cosmi Strings 4In the following we desribe a set-up in whih an e�etive x-term is indued bythe presene of the moduli setor. This overomes the diÆulty of �nding a onstantx-parameter. Just as in hybrid ination models we assume a shift-symmetri K�ahlerpotential for the gauge singlet [9℄. In our set-up ination is not driven by the gaugesinglet but by the moduli �elds, implemented in the form of raetrak ination. In theremainder of this setion we outline the basi idea.Our set-up is loosely based on the D3/D7-matter system in type IIB string theoryompati�ed on K3� T 2=Z2 [6℄. Although we will not derive an exat orrespondene,we will say a bit more on this later on. For now, just onsider a supergravity theorywith the following super- and K�ahler potentialsW = ���+�� ; K = �12(�� ��)2 + j�+j2 + j��j2 : (2)Note that there is no onstant x-term in the superpotential. We embed this model ina supersymmetry breaking (m3=2 6= 0) and moduli stabilised bakground. The modulisalar potential omprises F - and uplifting terms suh that Vmod � H2� during inationand Vmod � 0 in the Minkowski vauum after ination (the above relations are up toorretions oming from the matter setor). Here we have de�ned H� as the Hubblerate during ination. We assume that the matter setor parameterised by � and �� isa small perturbation to the moduli dynamis, i.e. �; �� � 1. In this limit, for � = 0,the potential readsV = g22 �j�+j2 � j��j2�2 + V Fmod + Vup + eKmod�2j�+j2j��j2+ �V Fmod2 +m23=2��j�+j2 + j��j2�2 + (V Fmod +m23=2) �j�+j2 + j��j2� (3)with Kmod the K�ahler potential of the moduli setor, and m3=2 is the gravitino mass(de�ned in the absene of the matter �elds). The moduli stabilisation potential isVmod = V Fmod + Vup, where V Fmod and Vup are respetively the F - and uplifting terms.Note that V Fmod < 0. For 2m23=2 > �V Fmod > m23=2, the �nal three terms of the abovepotential resemble the usual symmetry breaking terms that are generated by a non-zerox or FI term. Sine these terms arise in the F -term potential, it appears that an e�etive�eld-dependent x-term is generated.The dynamis of the model are reminisent of what happens in hybrid ination(remember that in our set-up, the moduli setor is responsible for ination, and not thematter �elds). The � = Re(�) diretion is at at tree level, and only lifted by looporretions. If the loop orretions are small, the �-�eld is frozen during ination. Themasses of the waterfall �elds are �-dependent. If initially � > � with � some ritialvalue, the harged �elds are minimised at �� = 0 and the U(1) symmetry is unbroken.Some time after ination, when H � �2�Vloop, the � �eld starts rolling down its potentialdropping below the ritial value. In the usual hybrid ination this triggers the U(1)breaking phase transition. In our set-up the situation is more ompliated, and as wewill see whether the waterfall �elds atually ondense at low energies depends on thespei�s of the moduli setor.



Raetrak Ination and Cosmi Strings 5The omplete model will be studied in setion 4, where both the inaton/moduliand the matter setors are treated dynamially. As disussed above, this full treatmentis needed to determine whether osmi strings an form.3. Raetrak InationIn this setion we will briey review raetrak ination in a supergravity setting. Theoriginal raetrak model [1℄ is formulated in a ux ompati�ation of type IIB stringon a Calabi-Yau spae. In the low energy e�etive ation, there is only the volumemodulus �eld T , with a no-sale K�ahler potentialKRT = �3 log(T + �T ) : (4)The superpotential is of the modi�ed raetrak formW RT =W0 + Ae�aT +Be�bT : (5)The onstant W0 arises from integrating out the stabilised dilaton and the omplexstruture moduli. The non-perturbative terms ome from gaugino ondensation on D7branes or from instanton e�ets; in both ases the parameters a; b depend on the spei�sof the gauge group. In addition there is an uplifting termVup = E(T + �T )n (6)originating from an anti-D3 in the bulk (n = 3) or in the throat (n = 2). The onstantE is tuned to get a Minkowski vauum in the minimum after ination.The full potential is a series of osines in Y , where we de�ned T = X+iY . Inationtakes plae near a saddle point, whih is unstable in the Y -diretion but stable in theX-diretion (in order that X does not run o� to in�nity during ination). The overallsale of the potential is set by the WMAP normalisation and we �nd that the Hubbleparameter is H� � m3=2 � 10�8 with m3=2 = eK=2jW j the vauum gravitino mass. This�xes the onstant term of the superpotential W0 � 10�4 � 10�5. The spetral indexns � 0:95, in good agreement with the latest WMAP data [10℄.In the above set-up the uplifting term breaks SUSY expliitly. This an be ured byusing instead an uplifting D-term [3, 4, 5℄; in this ase additional meson �elds have tobe introdued to make the potential gauge invariant. In the improved raetrak model[2℄, a set-up is disussed with two K�ahler moduli. This all suggests that raetrak isvery robust, and does not depend on the details of the uplifting or the superpotential(though at least two exponents are needed). This is in line with the observation madein [11℄ that saddle points are ubiquitous in the string landsape.4. Cosmi Strings and Raetrak InationIn this setion we disuss the dynamis of raetrak ination in the presene of a mattersetor. Our set-up are inspired by the D3/D7 system desribed in [6℄, in the ontext of



Raetrak Ination and Cosmi Strings 6type IIB theory ompati�ed on K3 � T 2=Z2. Consider a D7 and D3 brane whih areloated far from the gaugino ondensation brane. Then the light D3/D7 matter �eldsare unharged under the moduli setor symmetries. In the same vein we neglet thebakreation of the D3 on the geometry, whih makes the A and B in the superpotentialon the gaugino D7 brane dependent on the D3 position [12℄. We thus assume that theraetrak �elds ouple only gravitationally to the matter �elds.The �elds in the matter D3/D7 setor are a neutral �eld � representing theinterbrane distane, and two oppositely harged �elds �� orresponding to stringsstrething between the D3 and D7 branes. Approximate translational invariane ofthe brane system, whih is a onsequene of the bakground isometries, translates intoa shift symmetry for the � �eld in the K�ahler. For simpliity we assume anonial kinetiterms for the harged �elds{; we expet that more ompliated K�ahler potentials givequalitatively similar results.For the moduli setor we use the no-sale modulus with a modi�ed raetrakpotential disussed in the previous setion. Note that in the expliit example basedon K3� T 2=Z2, there are many more K�ahler moduli [13℄. In partiular, in addition tothe K3 volume modulus (that we are alling T ), there is the volume modulus of thetorus. We assume that all these additional moduli are stabilised by instanton e�ets [14℄.If the torus is stabilised with the same radius as the K3 manifold the e�etive K�ahlerpotential for T is of the no-sale form [9℄. In any ase, as we remarked in the previoussetion, raetrak ination is very robust. In that spirit we an use the raetrak model(4, 5, 6) as a useful toy model for a possibly more omplex set-up.The model we study is thenK = KRT +Km = �3 log(T + �T )� 12(�� ��)2 + j�+j2 + j��j2 ; (7)W = W RT +Wm = W0 + Ae�aT +Be�bT + ���+�� : (8)The salar potential readsV = eKm(T + �T )3�(T + �T )23 jFT j2 +Xi jF�i j2 � 3jW j2�+ Vup + g22 �j�+j2 � j��j2�2 (9)where FT = F RTT � 3T + �T ���+�� ; (10)and F�� = ���� + ���(W RT + ���+��) ; (11)F� = ��+�� � (�� ��)(W RT + ���+��) : (12)The matter �elds �� are oppositely harged under a U(1) symmetry. The orrespondingD-term enfores j�+j = j��j in the minimum. By an overall phase rotation, W0 an{ In a set-up with the D3 at a �xed point, or in the limit that the stak of D3s is heavy, we an treatthe D7 as a probe brane. Then the matter �elds have unit modular weight, and in the small �eld limitan be expanded to get minimal kineti terms at lowest order.



Raetrak Ination and Cosmi Strings 7be made real and positive. Im(T ) adjusts to minimise W RT. Then there is an overallphase between W RT and the matter potential Wm. The harged �elds an be rotatedto be real, and the phase of � an be absorbed in �. We an take any residual phasedependene to reside in �. We thus de�ne the real �eldsT = X + iY ; � = �+ i� ; �� = �+ = �+ : (13)The U(1) symmetry is unbroken for a zero VEV of the harged �elds �+ = 0.Cosmi strings form in a U(1) breaking phase transition. To see whether suh a phasetransition an take plae during or after ination, we onsider the stability of thepotential for �+ = 0. We will assume that moduli stabilisation is not disrupted bythe presene of the matter �elds, and that the moduli are �xed at some value T0. Wewill hek this assertion numerially.The potential is indeed extremised for �+ = 0, i.e. ��+V j�+=0 = 0. Whether thisis a stable minimum, a saddle or a maximum depends on the mass matrix. The massmatrix is blok diagonal in the harged �elds and the neutral � �eld. Let us startwith the latter �rst. As a onsequene of the shift symmetry the � diretion is at for�+ = 0. The potential is extremised with respet to �, i.e. ��V j�+=0 = 0, for �2 = 0 or�2 = �20 � �1=2� VRT=(4m2). The mass of � at these extrema ism2� = ( 2m2(2� y) � = 0�4m2e2�20(2� y) � = �0 (14)where we de�nedy = �VRT=m : (15)Here VRT and m = eKRT=2jW RTj are the raetrak potential and gravitino mass as de�nedin the absene of matter �elds. In partiular m � m3=2 � eK=2jW j up to small �idependent orretions, and with abuse of language we will sometimes refer to it as thegravitino mass. With D-term or D-brane uplifting, y � 3 after ination and � = �0 isthe minimum. However, during ination y � 1 and � = 0 is the minimum. This impliesthat the phase �eld obtains a VEV during ination. As we will see, sine the �-�eldstarts rolling only near the very end of ination, it a�ets the inationary results onlymildly (keep also in mind that (14) is only valid for unbroken U(1) with �+ = 0).Consider now the bosoni mass matrix of the harged �elds along the �-atdiretion. The diagonal entries of the mass matrix arem2�+ ��+ = m2�� ��� = e2�2�VRT + (1 + 4�2)m2 + ~�2j�j2� ; (16)and the o�-diagonal term readsm2�+�� = ~�e2�2(T + �T )3=2�2i� �W RT� (T + �T )� �T �W RT�+ �W RT(2+4�2)�� :(17)Here we de�ned the resaled oupling via~� = �(T + �T )3=2 : (18)



Raetrak Ination and Cosmi Strings 8The bosoni mass eigenstates arem2� = m2�+ ��+�jm2�+��j. The fermion mass eigenstatesare two Weyl fermions with masses m2 = e2�2~�2j�j2.What does this imply for ination? Consider �rst the situation at the beginningof ination, near the raetrak saddle point. As disussed above � = 0, and the massmatrix elements simplify tom2�+ ��+ � (1� y)m2 + ~�2�2 ; m2�+�� � ~��m : (19)The �� = 0 extremum is only stable for large �� > � � m~� (1 +p4y � 3) (20)assuring both bosoni mass eigenstates to be positive de�nite. In terms of the originalparameters in the potential m=~� � W0=�. In raetrak ination m � 10�8 whih gives� � 1. If follows that the resulting behaviour will be very di�erent depending onwhether � is smaller or larger than the ritial value at the onset of ination. The atdiretion is lifted by loop orretions. If these orretions give a large mass to the ��eld, m� > H�, the �eld will settle in the minimum, whereas in the opposite limit alarge VEV may be expeted.The loop orretions originate from the splitting between the boson and fermionmasses as a onsequene of SUSY breaking. Notie that StrM2 is �-independent (butdoes not vanish in supergravity) so the � potential arises from the log orretionV = 132�2�(m2�+ ��+ � jm2�+��j)2 ln (m2�+ ��+ � jm2�+��j)�2+ (m2�+ ��+ + jm2�+��j)2 ln (m2�+ ��+ + jm2�+��j)�2 � 2m4 ln m2 �2 � : (21)If � (or �) is very large the mass splitting, and thus the potential, vanishes as insupersymmetry. Hene a far away D7 is weakly attrated by the D3. We an estimatethe potential in the limit that m2 � ~�2(�2 + �2):V � 132�2n~�2(�2 + �2)m2 +O(m4)o : (22)Then m2�=H2� � ~�2=(32�2) is indeed small unless ~� approahes non-perturbative values.We therefore onlude that � is light during ination, and remains frozen. We generiallyexpet � > � at the onset of ination. But sine smaller VEVs are not exluded, wedisuss both ases in turn.4.1. Unbroken U(1)Consider �rst the ase that � > �, and the U(1) preserving phase �+ = 0 is a minimumof the potential at the saddle. As disussed above the � �eld is frozen during ination.The evolution of the �elds X; Y; � is shown in Figure 1. At the end of raetrak ination,the phase �eld � beomes tahyoni and starts rolling towards the minimum � = �0starting from � = 0 during raetrak ination, as follows from (14). The potential near� = 0 an be approximated asV (�) = V0(1 + ���2) : (23)
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Raetrak Ination and Cosmi Strings 12interesting to onsider F -term uplifting as well as it gives y = 0 in the vauum (seee.g. [16℄ and referenes therein for F -term uplifting). Although no expliit model ofraetrak ination with F -term lifting exists, onsidering its robustness we expet it tobe possible.With F -term lifting � = 0 is the minimum during and after ination, and themass matrix for the harge �elds is well approximated by (19) throughout. One maybe inlined to think that as � drops below its ritial value a U(1) breaking phasetransition takes plae. But this is not the ase. As y drops below 3=4, whih is the asein the post-inationary minimum where y = 0, the harged �elds beome non-tahyonifor all �-values. This is reeted in (20) by the fat that � beomes imaginary, i.e.non-existent.The situation is thus similar to that for theD-term or D-brane lifting ase. If � > �initially the U(1) symmetry is preserved throughout, and no strings form. But sine� = 0 both during and after ination, there is no period of �-driven fast-roll ination.In the opposite limit � < �, the matter U(1) is broken throughout, and strings areinated away.5. DisussionIn this paper we disussed raetrak ination oupled gravitationally to a matter setorwith a U(1) symmetry. We found that osmi strings, if formed at all, do not survive tolow energies. But how generi are these results? After all, we assumed a matter setorwith a shift symmetry for the neutral �eld, and we set possible FI terms to zero. Let usomment on possible modi�ations to this senario.First of all, we ould have introdued a FI term in the D-term for the matter�elds, i.e. we ould have made the U(1) pseudo-anomalous. This an be implementedby making the modulus �eld transform under the U(1) (the U(1) transformation ats asa shift symmetry on T ) [17℄. To preserve gauge invariane of the moduli superpotential,additional harged meson �elds are needed [5℄. The upshot of all of this is that if themodulus and the meson �elds are stabilised at some non-zero value, this generates ane�etive FI term for the matter �elds. If the same D-term is used for uplifting, themodel does not work as the harged �elds will anel the D-term and therefore removethe uplifting. On the other hand additional lifting terms ould be introdued. For thesake of argument, let us introdue an anti-brane for uplifting, whih does not dependon the matter �elds. The D-term enfores �� zero throughout. With a shift symmetryfor the � �eld the F -term potential in the U(1) phase with �+ = 0 is the same as theone we have investigated. The � minimum is also the same . The mass eigenvalues forthe harged �elds are now m�+�+ �pjm�+��j2 + g2�. The gauge oupling g and FIterm � depend on the moduli �elds. The F -term ontribution to the mass terms is thesame as for � = 0, and still given by (16,17). As a result, the whole disussion of theprevious setion follows through, although with slightly altered parameters. Thereforedepending on initial values, the U(1) stays either broken or preserved, both during and



Raetrak Ination and Cosmi Strings 13after ination.The shift symmetry is an essential part of the set-up we have disussed. Withoutit there is no at diretion. Performing the same analysis again with a anonial K�ahlerpotential leads to the result that the U(1) symmetry is preserved to low energies for� & W0 � 10�5. The matter �elds are minimised at �� = 0 and � � p2. Raetrakination proeeds as before, with the same preditions for the power spetrum (of oursethe parameter values needed to tune � � 1 and to get a Minkowski minimum are slightlyaltered due to the presene of the matter �elds).It is less lear what happens in the small oupling limit � < W0, or equivalently~� < m. The situation is similar for all set-ups, with or without a shift symmetry or FIterm. We �nd that the U(1) symmetry is broken. For the set-up disussed in setion4, this an be seen from (20), as for suh small ouplings the ritial value � is pushedabove unity. The VEVs for the matter �elds are large. In the small �eld limit wefound ��; �; � � W0=�. Extrapolating, we expet �eld values of order one. As a resultraetrak ination is greatly a�eted. Numerially, we did not �nd a working modelwith Y the only unstable diretion at the saddle point. This does not mean there isnot suh a saddle as the potential is omplex with many extrema. It does show thatif raetrak ination works the parameters and �eld values are rather di�erent fromthe ase without the matter �elds. This is rather surprising as in the � ! 0 limit oneexpets the e�ets of the matter �elds to be small. Although in this limit W no longerdepend on �i, but the K�ahler potential and thus the salar potential does. All in all,this ase leads to large modi�ations of raetrak ination, possibly even destroying it.To onlude, in this paper we studied raetrak ination augmented by a mattersetor. The oupling between the moduli �elds and the matter �elds is onlygravitational. The matter setor is inspired by a D3/D7 system, and onsists of a neutral�eld � and two �elds �� with opposite harges under a U(1) symmetry; the moduli�elds are neutral under this U(1). Due to a shift symmetry the � = Re(�) diretionis at. The matter superpotential is Wm = ���+��. We investigated whether thematter setor an a�et ination, and vie versa, and whether the moduli setor anindue interesting e�ets in the matter setor suh as osmi string formation.The resulting salar potential has both a U(1) preserving and breaking minimum,the symmetry breaking indued by supergravity e�ets due to the presene of the modulisetor. One may be led to think this an give rise to osmi string formation. Weinvestigated this possibility in this paper. The inationary dynamis depend on initialonditions. In partiular if � is larger than some ritial value at the onset of ination,then the U(1) symmetry is preserved both during and after ination. If lifting is doneby D-terms or D-branes (and not by F -terms) raetrak ination proeeds as before,but is followed by a short period of �-driven fast-roll ination. This lowers the spetralindex by a small amount, less than 0:01. No osmi strings are formed at any time. Inthe opposite limit that � is small initially, the U(1) symmetry is broken at all times.Any strings formed at early times are inated away.
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