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Light Hidden U(1)s from String TheoryMark GoodsellDESY, Notketra�e 85, 22607 Hamburg, GermanyDOI: will be assignedThe possible masses and kineti mixings of hidden U(1)s in the LARGE volume senarioare disussed, inluding the generalisation of the ompat manifold to a K3 �bration.1 IntrodutionMany of the talks at PATRAS 2009 (for example that of A. Linder) desribed laboratory exper-iments apable of deteting light hidden U(1)s; others (e.g. J. Redondo) disussed astrophysialand osmologial searhes. As reviewed by J. Conlon, string ompati�ations generially giveadditional hidden gauge setors, in partiular hidden U(1)s. This ontribution aims to reviewhow hidden U(1)s arise in LARGE volume string ompati�ations [1℄ and their likely massesand interations with the visible setor partiles [2℄.The LARGE volume senario involves IIB string theory ompati�ed on a Calabi-Yau man-ifold having volume V of the formV = �3=2b � h(�i) or V = �1=2b0 �b � h(�i);where h is a funtion of �i, the K�ahler moduli of \small" yles; and �b is the modulus orre-sponding to a large yle. The �rst ase orresponds to a \swiss heese" manifold; the seondis the generalisation to a K3 �bration where now �b0 represents the K3 �bre modulus.One small yle ontributes a non-perturbative superpotential and this leads to the stabil-isation of the K�ahler moduli at a non-supersymmetri minimum, provided that the omplexstruture moduli have �rst been stabilised by three-form uxes and that there are more om-plex struture moduli than K�ahler moduli. The volume is stabilised at a large value; as highas 5 � 1027 (in units of the string length) for TeV sale strings, 5 � 1013 for an intermediatestring sale Ms � 1010 GeV, or � 50 for GUT sale strings. The standard model is realisedupon D7-branes wrapping some of the small yles.In this senario there are three lasses of andidates for light U(1)s. One suh lass are from(losed) Ramond-Ramond strings [3℄, ounted by the number of omplex struture moduli.These may kinetially mix [4℄ with the hyperharge, but they have no matter harged underthem, and sine the LARGE volume senario involves ompati�ation on a K�ahler manifoldthey do not have any axioni ouplings and are therefore massless. Therefore they an only bedeteted by prodution of their gauginos [5℄.We shall instead fous upon the open string U(1)s supported on branes, whih may havemasses and harged matter. For these U(1)s wrapping a yle �i the gauge oupling is givenby g�2i = �i2�gs : For branes wrapping small yles these give gauge ouplings of the same orderas the hyperharge, but if the brane wraps the large yle �b, then the gauge oupling will bePatras 2009 1
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hyperweak with g�2b � V2=32�gs . In the ase of a K3 �bration this an be even smaller; if �b0 � �bthen we an in priniple approah g�2b � V2�gs (although we require �b0 � �i).2 Kineti MixingIf we assume that the additional U(1)s are hidden (in ontrast to the Z 0 senario, see e.g. [6℄),in that there is no light matter harged under both the visible and hidden setor �elds, thenwe an only detet them via kineti mixing with the hyperharge [4℄. The holomorphi kinetimixing �hab between two gauge groups a; b with holomorphi gauge ouplings gha ; ghb , appears inthe Lagrangian densityL � Z d2�� 14(gha)2WaWa + 14(ghb )2WbWb � 12�habWaWb� ;and in type IIB ompati�ations must have the form�hab = �1�loopab (zk; yi) + �non�perturbativeab (zk; e��j ; yi);where zk; yi are the omplex struture and brane position moduli respetively; the perturbativeontributions annot depend upon the K�ahler moduli, and thus annot be volume suppressed.After resaling to the physial basis via the Kaplunovsky-Louis type relation [7, 2℄�abgagb = Re(�hab) + 18�2 tr�QaQb logZ�� 116�2 Xr nrQaQb(r)�2K;(where K is the K�ahler potential and Z = ����K is the K�ahler metri of matter �elds) we�nd, sine we are assuming no light matter harged under both hidden and visible setors�ab � gagb16�2 :This estimate is plotted in �gure 1 for the ase of branes on a ollapsed (small, MSSM-like)yle and on a LARGE yle, taking into aount the range of possibilities in the general K3�bration senario and allowing for an order of magnitude variation in the above estimate.There is also the possibility, should the kineti mixing be anelled, that it is generated bysupersymmetry breaking e�ets; but in the LARGE volume senario the values obtained aretypially very small [2℄.3 U(1) MassesMasses for U(1)s supported upon branes an be generated either via the St�ukelberg mehanismor by expliit breaking with a harged �eld obtaining a vauum expetation value. The latterould be due to a hidden Higgs mehanism or fermion ondensate. We shall not disuss fermionondensates, as they would require some strong gauge dynamis in the hidden setor and thesale generated depends very sensitively upon the amount of hidden matter in the theory, sothere is no generi predition.In the LARGE volume senario anomalous U(1)s automatially obtain masses at the stringsale, via the St�ukelberg mehanism where the U(1) is eaten by an axion. However, many2 Patras 2009
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Figure 1: Kineti mixing between the visible U(1) and a U(1) sitting on a ollapsed yle(upper, blue) or a hyperweak U(1) on a LARGE yle (lower, red) as a funtion of the stringsale.non-anomalous U(1)s still obtain masses, but these generially ontain some suppression byvolume fators. There are two lasses of axions that ontribute; those ounted by h2;2� andthose ounted by h1;1+ , respetively Hodge numbers odd and even under the orientifold. If weonsider a simpli�ed 2� 2 mass matrix of U(1)s where the �rst element orresponds to U(1)son small (or ollapsed) yles and the seond to one wrapping the LARGE yle, then for thetwo types of ontribution we havem2St (1) = gs2 M2s � � V1=3 � 1� 1 � V�1=3 � ; m2St (2) = gs2 M2s � � V�1=3 � V�2=3� V�2=3 � V�1 � :Thus if the a brane wraps a yle that is anti-invariant under the orientifold projetion thenthe �rst term will dominate. However, in early onstrutions of the LARGE volume senarioh2;2� = 0. The seond ontribution arises only if the brane supports two-form uxes. Thus ahyperweak gauge boson an aquire a mass m0 as low as � meV if the string sale is � TeV,for intermediate sale strings m0 � TeV but for a higher string sale the St�ukelberg massesare beyond the reah of urrent experiments.Finally turning to a hidden Higgs mehanism with hidden Higgs pairs H1; H2, the minimalpotential isV = m21jH1j2 +m22jH2j2 +m23(H1H2 + :) + 12(�h + ghjH1j2 � ghjH2j2)2;wherem1;m2;m3 are soft masses and �h = gY �ab 18v2 os 2� is a Fayet-Iliopolous term generatedby kineti mixing with the hyperhargeD-term, arising from the MSSM Higgs vev v ' 246GeVand � the angle parametrising the relationship between up and down Higgs vevs. If we take thehidden setor gauge oupling to be of the same order as the hyperharge and the soft massesto be generated by \little gauge mediation" from the visible setor, then the Fayet-Iliopoulosterm generates a hidden gauge boson mass of � GeV [8℄. However, if we take the hidden gaugegroup to be hyperweak, then due to the very small kineti mixing, we an generate in priniplesmall masses sine m20 = 2g2h(jH1j2 + jH2j2).Patras 2009 3
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