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t. We 
onsider the 
oupling of ra
etra
k in
ation to matter �elds as realisedin the D3/D7 brane system. In parti
ular, we investigate the possibility of 
osmi
string formation in this system. We �nd that string formation before or at the onsetof ra
etra
k in
ation is possible, but they are then in
ated away. Furthermore, stringformation at the end of in
ation is prevented by the presen
e of the moduli se
tor. Asa 
onsequen
e, no strings survive ra
etra
k in
ation.1. Introdu
tionRa
etra
k in
ation is a promising in
ationary model, whi
h 
an be realised withinstring theory [1, 2℄. In this s
enario, in
ation is driven by K�ahler moduli �elds. Theoriginal string theory s
enario is based on the KKLT me
hanism for moduli �xing,extending it to in
lude a ra
etra
k-type superpotential, i.e. the superpotential 
ontainsmore than one exponential of the K�ahler modulus �eld [1℄. In a later development,based on an expli
it 
ompa
ti�
ation of type IIB string theory, ra
etra
k in
ation withtwo 
omplex K�ahler moduli has been 
onsidered [2℄. In these papers, the KKLT set-up has been used, in whi
h a 
ux potential stabilises the dilaton and the 
omplexstru
ture moduli. A non-trivial potential for the K�ahler moduli is generated by non-perturbative e�e
ts (for example via gaugino 
ondensation). This alone results in anAnti-de Sitter (AdS) va
uum, whi
h is then uplifted by the presen
e of anti-branes,whi
h break supersymmetry expli
itly. In [3℄ a ra
etra
k model was 
onstru
ted, inwhi
h the uplifting is obtained by D-terms, as suggested in [4, 5℄.
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Ra
etra
k In
ation and Cosmi
 Strings 2In all 
ases the possible presen
e of additional �elds during ra
etra
k in
ation hasbeen ignored (apart from [3℄, where additional meson �elds on D7 branes have beenin
luded). In supergravity, intera
tions between the K�ahler modulus �eld and other�elds are inevitable and one may wonder whether the dynami
s of the modulus �eldare slightly modi�ed. With the meson �eld 
onsidered in [3℄, the features of ra
etra
kin
ation were not signi�
antly altered. Additionally, topologi
al defe
ts, su
h as 
osmi
strings, may form during or after in
ation. In this paper, we extend the ra
etra
kin
ation s
enario and study the impa
t of su
h additional �elds on in
ation. The modelwe 
onsider is inspired by the D3/D7 system in type IIB string theory 
ompa
ti�ed onK3�T 2=Z2 [6℄. On top of a K�ahler modulus �eld T , the system 
ontains a neutral �eld�, des
ribing the interbrane distan
e and two 
harged �elds ��, des
ribing open stringsstret
hing between the D3 and the D7 brane. This 
onstru
tion is the stringy analogueof D-term hybrid in
ation. The main di�eren
e we introdu
e here is that in
ation isdue to the ra
etra
k se
tor 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 s
enario.The 
ondensation s
ale depends on a Fayet-Iliopoulos (FI) term whi
h originatesfrom a non-trivial 
ux on D7 branes. In the low energy supergravity des
ription, su
h 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 stru
ture of thesuperpotential, after the dilaton and the 
omplex stru
ture moduli have been stabilisedby 
uxes, prevents the existen
e 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 ne
essitate the introdu
tion of either two FI terms, one for upliftingand one for 
ondensationz or a single FI term together with an uplifting anti-brane.In fa
t, we will see that even when no FI term is introdu
ed the 
ondensation of the
harged �elds 
an be triggered by the F -term potential. This is a purely supergravitye�e
t; the U(1) symmetry breaking is indu
ed by the moduli se
tor. If this o

ursthe F -term strings that form during the phase transition have a tension that dependson the va
uum expe
tation values of the moduli �elds. In all 
ases, we �nd that eitherstrings are in
ated away when 
reated before or during in
ation, or they are dynami
allyprevented from forming in the �rst pla
e.The paper is organised as follows. In Se
tion 2 we des
ribe a simple toy model inwhi
h 
osmi
 strings form, and whose string tension is �eld dependent. In Se
tion 3we review the setup of ra
etra
k in
ation. In Se
tion 4 we 
ouple the ra
etra
k modelto matter �elds and study the dynami
s of the �elds during in
ation. We dis
uss the
onditions under whi
h 
osmi
 strings form. We dis
uss and summarise our �ndings inSe
tion 5.z With only one FI term, the uplifting term is removed by the 
harged �eld 
ondensation.
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ation and Cosmi
 Strings 32. Field dependent F -term stringsIn this se
tion, we des
ribe a simple situation where �eld dependent 
osmi
 strings mayform. By \�eld dependent" we mean that the string tension depends on the va
uumexpe
tation values (VEVs) of other �elds in the theory. Cosmi
 strings form during aphase transition if the va
uum manifold has non-
ontra
tible loops, as is the 
ase in aU(1) symmetry breaking.A U(1)-breaking phase transition will o

ur 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 
riti
al value, the 
harged �elds willhave a ta
hyoni
 instability and will 
ondense. For a F -term driven model with noFI term, �+�� = x2 in the true va
uum. For D-term driven models x = 0, and theglobal minimum has �� = 0 and �+ = p�. In both 
ases the U(1) symmetry breakingprodu
es 
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 in
ation. In this paper we will be mainly be interested in models in whi
hin
ation is produ
ed by a di�erent se
tor of the full theory. However some featuresof supersymmetri
 hybrid in
ation will be relevant to our analysis, so we will brie
yreview it here. In hybrid in
ation models � is the in
aton. For h�i larger than the
riti
al value, the potential has a valley of lo
al minima where in
ation takes pla
e. TheU(1) gauge symmetry is unbroken and the \waterfall" �elds �� are zero. At tree levelthe in
ationary dire
tion is 
at, but it is lifted by loop 
orre
tions whi
h indu
e theslow rolling of the in
aton. When � falls below the 
riti
al value, the phase transitiondes
ribed above ends in
ation, and 
osmi
 strings form.Finding a non-vanishing 
onstant x-term in string theory has proved to be diÆ
ult.Instead an FI term, and thus D-term symmetry breaking, is easily realised by a D3/D7system. This, and the 
orresponding hybrid in
ation model, is des
ribed in [6℄. Whenmoduli �elds are introdu
ed, the presen
e 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 in
ationand moduli stabilisation in a working model. In fa
t, the problems of 
ombining in
ationwith moduli stabilisation o

ur in a wide range of models [8℄, and are not restri
ted toD-term hybrid in
ation.x Not to be 
onfused with the stringy usage of F- and D-strings, whi
h refer to fundamental andDiri
hlet strings respe
tively.k In supergravity a 
onstant FI term 
an only be introdu
ed if the theory is invariant under a gaugedR-symmetry. However the 
onstant W0 in the KKLT moduli superpotential breaks this R-symmetry.
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ation and Cosmi
 Strings 4In the following we des
ribe a set-up in whi
h an e�e
tive x-term is indu
ed bythe presen
e of the moduli se
tor. This over
omes the diÆ
ulty of �nding a 
onstantx-parameter. Just as in hybrid in
ation models we assume a shift-symmetri
 K�ahlerpotential for the gauge singlet [9℄. In our set-up in
ation is not driven by the gaugesinglet but by the moduli �elds, implemented in the form of ra
etra
k in
ation. In theremainder of this se
tion we outline the basi
 idea.Our set-up is loosely based on the D3/D7-matter system in type IIB string theory
ompa
ti�ed on K3� T 2=Z2 [6℄. Although we will not derive an exa
t 
orresponden
e,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 ba
kground. The modulis
alar potential 
omprises F - and uplifting terms su
h that Vmod � H2� during in
ationand Vmod � 0 in the Minkowski va
uum after in
ation (the above relations are up to
orre
tions 
oming from the matter se
tor). Here we have de�ned H� as the Hubblerate during in
ation. We assume that the matter se
tor parameterised by � and �� isa small perturbation to the moduli dynami
s, 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 se
tor, and m3=2 is the gravitino mass(de�ned in the absen
e of the matter �elds). The moduli stabilisation potential isVmod = V Fmod + Vup, where V Fmod and Vup are respe
tively 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. Sin
e these terms arise in the F -term potential, it appears that an e�e
tive�eld-dependent x-term is generated.The dynami
s of the model are reminis
ent of what happens in hybrid in
ation(remember that in our set-up, the moduli se
tor is responsible for in
ation, and not thematter �elds). The � = Re(�) dire
tion is 
at at tree level, and only lifted by loop
orre
tions. If the loop 
orre
tions are small, the �-�eld is frozen during in
ation. Themasses of the waterfall �elds are �-dependent. If initially � > �
 with �
 some 
riti
alvalue, the 
harged �elds are minimised at �� = 0 and the U(1) symmetry is unbroken.Some time after in
ation, when H � �2�Vloop, the � �eld starts rolling down its potentialdropping below the 
riti
al value. In the usual hybrid in
ation this triggers the U(1)breaking phase transition. In our set-up the situation is more 
ompli
ated, and as wewill see whether the waterfall �elds a
tually 
ondense at low energies depends on thespe
i�
s of the moduli se
tor.
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 Strings 5The 
omplete model will be studied in se
tion 4, where both the in
aton/moduliand the matter se
tors are treated dynami
ally. As dis
ussed above, this full treatmentis needed to determine whether 
osmi
 strings 
an form.3. Ra
etra
k In
ationIn this se
tion we will brie
y review ra
etra
k in
ation in a supergravity setting. Theoriginal ra
etra
k model [1℄ is formulated in a 
ux 
ompa
ti�
ation of type IIB stringon a Calabi-Yau spa
e. In the low energy e�e
tive a
tion, there is only the volumemodulus �eld T , with a no-s
ale K�ahler potentialKRT = �3 log(T + �T ) : (4)The superpotential is of the modi�ed ra
etra
k formW RT =W0 + Ae�aT +Be�bT : (5)The 
onstant W0 arises from integrating out the stabilised dilaton and the 
omplexstru
ture moduli. The non-perturbative terms 
ome from gaugino 
ondensation on D7branes or from instanton e�e
ts; in both 
ases the parameters a; b depend on the spe
i�
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 va
uum in the minimum after in
ation.The full potential is a series of 
osines in Y , where we de�ned T = X+iY . In
ationtakes pla
e near a saddle point, whi
h is unstable in the Y -dire
tion but stable in theX-dire
tion (in order that X does not run o� to in�nity during in
ation). The overalls
ale 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 va
uum gravitino mass. This�xes the 
onstant term of the superpotential W0 � 10�4 � 10�5. The spe
tral indexns � 0:95, in good agreement with the latest WMAP data [10℄.In the above set-up the uplifting term breaks SUSY expli
itly. This 
an be 
ured byusing instead an uplifting D-term [3, 4, 5℄; in this 
ase additional meson �elds have tobe introdu
ed to make the potential gauge invariant. In the improved ra
etra
k model[2℄, a set-up is dis
ussed with two K�ahler moduli. This all suggests that ra
etra
k 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 lands
ape.4. Cosmi
 Strings and Ra
etra
k In
ationIn this se
tion we dis
uss the dynami
s of ra
etra
k in
ation in the presen
e of a matterse
tor. Our set-up are inspired by the D3/D7 system des
ribed in [6℄, in the 
ontext of
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etra
k In
ation and Cosmi
 Strings 6type IIB theory 
ompa
ti�ed on K3 � T 2=Z2. Consider a D7 and D3 brane whi
h arelo
ated far from the gaugino 
ondensation brane. Then the light D3/D7 matter �eldsare un
harged under the moduli se
tor symmetries. In the same vein we negle
t theba
krea
tion of the D3 on the geometry, whi
h makes the A and B in the superpotentialon the gaugino D7 brane dependent on the D3 position [12℄. We thus assume that thera
etra
k �elds 
ouple only gravitationally to the matter �elds.The �elds in the matter D3/D7 se
tor are a neutral �eld � representing theinterbrane distan
e, and two oppositely 
harged �elds �� 
orresponding to stringsstret
hing between the D3 and D7 branes. Approximate translational invarian
e ofthe brane system, whi
h is a 
onsequen
e of the ba
kground isometries, translates intoa shift symmetry for the � �eld in the K�ahler. For simpli
ity we assume 
anoni
al kineti
terms for the 
harged �elds{; we expe
t that more 
ompli
ated K�ahler potentials givequalitatively similar results.For the moduli se
tor we use the no-s
ale modulus with a modi�ed ra
etra
kpotential dis
ussed in the previous se
tion. Note that in the expli
it example basedon K3� T 2=Z2, there are many more K�ahler moduli [13℄. In parti
ular, 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�e
ts [14℄.If the torus is stabilised with the same radius as the K3 manifold the e�e
tive K�ahlerpotential for T is of the no-s
ale form [9℄. In any 
ase, as we remarked in the previousse
tion, ra
etra
k in
ation is very robust. In that spirit we 
an use the ra
etra
k 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 s
alar 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 enfor
es 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 sta
k 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 limit
an be expanded to get minimal kineti
 terms at lowest order.
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etra
k In
ation 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 phasedependen
e 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 su
h a phasetransition 
an take pla
e during or after in
ation, we 
onsider the stability of thepotential for �+ = 0. We will assume that moduli stabilisation is not disrupted bythe presen
e of the matter �elds, and that the moduli are �xed at some value T0. Wewill 
he
k this assertion numeri
ally.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 blo
k diagonal in the 
harged �elds and the neutral � �eld. Let us startwith the latter �rst. As a 
onsequen
e of the shift symmetry the � dire
tion is 
at for�+ = 0. The potential is extremised with respe
t 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 ra
etra
k potential and gravitino mass as de�nedin the absen
e of matter �elds. In parti
ular m � m3=2 � eK=2jW j up to small �idependent 
orre
tions, and with abuse of language we will sometimes refer to it as thegravitino mass. With D-term or D-brane uplifting, y � 3 after in
ation and � = �0 isthe minimum. However, during in
ation y � 1 and � = 0 is the minimum. This impliesthat the phase �eld obtains a VEV during in
ation. As we will see, sin
e the �-�eldstarts rolling only near the very end of in
ation, it a�e
ts the in
ationary 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 �-
atdire
tion. 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 res
aled 
oupling via~� = �(T + �T )3=2 : (18)



Ra
etra
k In
ation 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 in
ation? Consider �rst the situation at the beginningof in
ation, near the ra
etra
k saddle point. As dis
ussed 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 ra
etra
k in
ation m � 10�8 whi
h gives�
 � 1. If follows that the resulting behaviour will be very di�erent depending onwhether � is smaller or larger than the 
riti
al value at the onset of in
ation. The 
atdire
tion is lifted by loop 
orre
tions. If these 
orre
tions 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 expe
ted.The loop 
orre
tions originate from the splitting between the boson and fermionmasses as a 
onsequen
e of SUSY breaking. Noti
e that StrM2 is �-independent (butdoes not vanish in supergravity) so the � potential arises from the log 
orre
tionV = 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. Hen
e a far away D7 is weakly attra
ted 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 ~� approa
hes non-perturbative values.We therefore 
on
lude that � is light during in
ation, and remains frozen. We generi
allyexpe
t � > �
 at the onset of in
ation. But sin
e smaller VEVs are not ex
luded, wedis
uss 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 dis
ussed above the � �eld is frozen during in
ation.The evolution of the �elds X; Y; � is shown in Figure 1. At the end of ra
etra
k in
ation,the phase �eld � be
omes ta
hyoni
 and starts rolling towards the minimum � = �0starting from � = 0 during ra
etra
k in
ation, as follows from (14). The potential near� = 0 
an be approximated asV (�) = V0(1 + ���2) : (23)
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ation, for the 
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tion of the number of e-folds N . Theparameters are the same as in Figure 1.where it should be noted that the 
anoni
ally normalised �eld is �=p2, and that �� < 0.This gives rise to a period of fast-roll �-driven in
ation, whi
h ends when � departsfrom the origin too mu
h and feels the minimum of the potential. Figure 2 shows theHubble 
onstant during in
ation, whi
h is nearly 
onstant both during ra
etra
k andthe following period of fast-roll in
ation. Sin
e j��j = O(10) (j��j � 7 for the parametersused in Figure 1) is rather large, this extra bout of in
ation is short. The number ofextra e-folds 
an be approximated by [15℄N � 1F log��0��� ; F =r94 + 3�� � 32 (24)with �0 � 0:5 the value at the minimum, and �� the initial value. During the periodof ra
etra
k in
ation �� � 1 and the �-�eld is rapidly damped to zero. Thus we expe
t�� to be small, set by the s
ale of quantum 
u
tuations �� � H� � 10�8. Plugging inthe numbers gives Nfast roll � 5, in good agreement with the numeri
al results shown in
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NFigure 3. Plotted is �Y and �� parameter during in
ation. Same parameters as inFigure 1.Figures 1 { 3. This extra burst of fast-roll in
ation lowers the spe
tral index, as nowobservable s
ales leave the horizon N� � 5 e-folds before the end of the �rst period ofra
etra
k in
ation (instead of the usual N� � 55). But the 
hange is minimal, loweringns by less than 0:01.In the minimum after in
ation �2 = �20 � 1=4. The situation is now very di�erentfrom the one at the saddle point. Indeed, the diagonal and o�-diagonal terms of thebosoni
 mass matrix are nowm2�+ ��+ � (�m2 + ~�2(�2 + �2)) ; m2�+�� � ~�(�+ �)m (25)where in the o�-diagonal term we negle
ted order one 
oeÆ
ients. It is 
lear that for� < � the VEV of the 
at dire
tion �eld � will only a�e
t the mass eigenstates atsubleading order. The result is that the 
harged �elds are non-ta
hyoni
 for all valuesof �. There is no equivalent of �
 as found at the saddle point. The minimum is U(1)preserving and stable.To summarise, the U(1) matter symmetry is preserved to low energies if at theonset of in
ation � > �
. Ra
etra
k in
ation pro
eeds as before, but is followed by ashort period of �-driven fast-roll in
ation. This lowers the spe
tral index a little bit.No 
osmi
 strings are formed at any time.4.2. Broken U(1)If the initial �eld value is small � < �
 the 
harged �elds 
ondense towards a U(1)breaking minimum with � and �+ = �� non-zero. From the mass matrix (16, 17) itfollows that the mass eigenstates approa
h (1 � y)m in this limit. Sin
e y is slightlybigger than one at the saddle (extra
ted from the numeri
s), this gives negative masseigenstates, and ��+ � (1 � y) = �O(0:1). In
ation still pro
eeds, but the U(1) isbroken both during and after in
ation. Any strings formed in the U(1) breaking phasetransition are in
ated away. Figures 4 and 5 show the evolution of the various �eldsduring in
ation.
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NFigure 5. The evolution of the 
harged �eld �+ and � during in
ation when � < �
.The parameters values are the same as in Figure 4The minimum after in
ation 
an be found in the small �eld limit, by solvingF�i = 0. The result is that all matter �elds �; �; �� obtain a VEV of order m=~�.The system thus ends up in a di�erent minimum depending on whether � larger orsmaller than �
 initially. The U(1) preserving minimum with �� = 0 is lower than theU(1) broken minimum dis
ussed in this subse
tion, by an amount ÆV � m2. The twominima are separated by a barrier.4.3. F -term liftingUp to now we have dis
ussed a set-up where lifting was done by either D-terms oranti-D-branes, and y > 1 during and after in
ation (see (15)). Depending on the initial
onditions, we found that either the U(1) symmetry is never broken, or else breakingo

urs before the onset of in
ation and strings are in
ated away. Sin
e the y valuedetermines the �-mass, and thus whether there is a 
riti
al value �
 or not, it may be
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onsider F -term uplifting as well as it gives y = 0 in the va
uum (seee.g. [16℄ and referen
es therein for F -term uplifting). Although no expli
it model ofra
etra
k in
ation with F -term lifting exists, 
onsidering its robustness we expe
t it tobe possible.With F -term lifting � = 0 is the minimum during and after in
ation, and themass matrix for the 
harge �elds is well approximated by (19) throughout. One maybe in
lined to think that as � drops below its 
riti
al value a U(1) breaking phasetransition takes pla
e. But this is not the 
ase. As y drops below 3=4, whi
h is the 
asein the post-in
ationary minimum where y = 0, the 
harged �elds be
ome non-ta
hyoni
for all �-values. This is re
e
ted in (20) by the fa
t that �
 be
omes 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 sin
e� = 0 both during and after in
ation, there is no period of �-driven fast-roll in
ation.In the opposite limit � < �
, the matter U(1) is broken throughout, and strings arein
ated away.5. Dis
ussionIn this paper we dis
ussed ra
etra
k in
ation 
oupled gravitationally to a matter se
torwith 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 se
torwith a shift symmetry for the neutral �eld, and we set possible FI terms to zero. Let us
omment on possible modi�
ations to this s
enario.First of all, we 
ould have introdu
ed 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 a
ts asa shift symmetry on T ) [17℄. To preserve gauge invarian
e 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�e
tive FI term for the matter �elds. If the same D-term is used for uplifting, themodel does not work as the 
harged �elds will 
an
el the D-term and therefore removethe uplifting. On the other hand additional lifting terms 
ould be introdu
ed. For thesake of argument, let us introdu
e an anti-brane for uplifting, whi
h does not dependon the matter �elds. The D-term enfor
es �� 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 dis
ussion of theprevious se
tion follows through, although with slightly altered parameters. Thereforedepending on initial values, the U(1) stays either broken or preserved, both during and
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ation.The shift symmetry is an essential part of the set-up we have dis
ussed. Withoutit there is no 
at dire
tion. Performing the same analysis again with a 
anoni
al 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. Ra
etra
kin
ation pro
eeds as before, with the same predi
tions for the power spe
trum (of 
oursethe parameter values needed to tune � � 1 and to get a Minkowski minimum are slightlyaltered due to the presen
e 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 dis
ussed in se
tion4, this 
an be seen from (20), as for su
h small 
ouplings the 
riti
al value �
 is pushedabove unity. The VEVs for the matter �elds are large. In the small �eld limit wefound ��; �; � � W0=�. Extrapolating, we expe
t �eld values of order one. As a resultra
etra
k in
ation is greatly a�e
ted. Numeri
ally, we did not �nd a working modelwith Y the only unstable dire
tion at the saddle point. This does not mean there isnot su
h a saddle as the potential is 
omplex with many extrema. It does show thatif ra
etra
k in
ation 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 oneexpe
ts the e�e
ts of the matter �elds to be small. Although in this limit W no longerdepend on �i, but the K�ahler potential and thus the s
alar potential does. All in all,this 
ase leads to large modi�
ations of ra
etra
k in
ation, possibly even destroying it.To 
on
lude, in this paper we studied ra
etra
k in
ation augmented by a matterse
tor. The 
oupling between the moduli �elds and the matter �elds is onlygravitational. The matter se
tor 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(�) dire
tionis 
at. The matter superpotential is Wm = ���+��. We investigated whether thematter se
tor 
an a�e
t in
ation, and vi
e versa, and whether the moduli se
tor 
anindu
e interesting e�e
ts in the matter se
tor su
h as 
osmi
 string formation.The resulting s
alar potential has both a U(1) preserving and breaking minimum,the symmetry breaking indu
ed by supergravity e�e
ts due to the presen
e of the modulise
tor. One may be led to think this 
an give rise to 
osmi
 string formation. Weinvestigated this possibility in this paper. The in
ationary dynami
s depend on initial
onditions. In parti
ular if � is larger than some 
riti
al value at the onset of in
ation,then the U(1) symmetry is preserved both during and after in
ation. If lifting is doneby D-terms or D-branes (and not by F -terms) ra
etra
k in
ation pro
eeds as before,but is followed by a short period of �-driven fast-roll in
ation. This lowers the spe
tralindex 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 in
ated away.
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