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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 s
enarioare dis
ussed, in
luding the generalisation of the 
ompa
t manifold to a K3 �bration.1 Introdu
tionMany of the talks at PATRAS 2009 (for example that of A. Linder) des
ribed laboratory exper-iments 
apable of dete
ting light hidden U(1)s; others (e.g. J. Redondo) dis
ussed astrophysi
aland 
osmologi
al sear
hes. As reviewed by J. Conlon, string 
ompa
ti�
ations generi
ally giveadditional hidden gauge se
tors, in parti
ular hidden U(1)s. This 
ontribution aims to reviewhow hidden U(1)s arise in LARGE volume string 
ompa
ti�
ations [1℄ and their likely massesand intera
tions with the visible se
tor parti
les [2℄.The LARGE volume s
enario involves IIB string theory 
ompa
ti�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 fun
tion of �i, the K�ahler moduli of \small" 
y
les; and �b is the modulus 
orre-sponding to a large 
y
le. The �rst 
ase 
orresponds to a \swiss 
heese" manifold; the se
ondis the generalisation to a K3 �bration where now �b0 represents the K3 �bre modulus.One small 
y
le 
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 
omplexstru
ture moduli have �rst been stabilised by three-form 
uxes and that there are more 
om-plex stru
ture 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 s
ale strings, 5 � 1013 for an intermediatestring s
ale Ms � 1010 GeV, or � 50 for GUT s
ale strings. The standard model is realisedupon D7-branes wrapping some of the small 
y
les.In this s
enario there are three 
lasses of 
andidates for light U(1)s. One su
h 
lass are from(
losed) Ramond-Ramond strings [3℄, 
ounted by the number of 
omplex stru
ture moduli.These may kineti
ally mix [4℄ with the hyper
harge, but they have no matter 
harged underthem, and sin
e the LARGE volume s
enario involves 
ompa
ti�
ation on a K�ahler manifoldthey do not have any axioni
 
ouplings and are therefore massless. Therefore they 
an only bedete
ted by produ
tion of their gauginos [5℄.We shall instead fo
us upon the open string U(1)s supported on branes, whi
h may havemasses and 
harged matter. For these U(1)s wrapping a 
y
le �i the gauge 
oupling is givenby g�2i = �i2�gs : For branes wrapping small 
y
les these give gauge 
ouplings of the same orderas the hyper
harge, but if the brane wraps the large 
y
le �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 prin
iple approa
h 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 s
enario, see e.g. [6℄),in that there is no light matter 
harged under both the visible and hidden se
tor �elds, thenwe 
an only dete
t them via kineti
 mixing with the hyper
harge [4℄. The holomorphi
 kineti
mixing �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 
ompa
ti�
ations must have the form�hab = �1�loopab (zk; yi) + �non�perturbativeab (zk; e��j ; yi);where zk; yi are the 
omplex stru
ture and brane position moduli respe
tively; the perturbative
ontributions 
annot depend upon the K�ahler moduli, and thus 
annot be volume suppressed.After res
aling to the physi
al 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, sin
e we are assuming no light matter 
harged under both hidden and visible se
tors�ab � gagb16�2 :This estimate is plotted in �gure 1 for the 
ase of branes on a 
ollapsed (small, MSSM-like)
y
le and on a LARGE 
y
le, taking into a

ount the range of possibilities in the general K3�bration s
enario and allowing for an order of magnitude variation in the above estimate.There is also the possibility, should the kineti
 mixing be 
an
elled, that it is generated bysupersymmetry breaking e�e
ts; but in the LARGE volume s
enario the values obtained aretypi
ally very small [2℄.3 U(1) MassesMasses for U(1)s supported upon branes 
an be generated either via the St�u
kelberg me
hanismor by expli
it breaking with a 
harged �eld obtaining a va
uum expe
tation value. The latter
ould be due to a hidden Higgs me
hanism or fermion 
ondensate. We shall not dis
uss fermion
ondensates, as they would require some strong gauge dynami
s in the hidden se
tor and thes
ale generated depends very sensitively upon the amount of hidden matter in the theory, sothere is no generi
 predi
tion.In the LARGE volume s
enario anomalous U(1)s automati
ally obtain masses at the strings
ale, via the St�u
kelberg me
hanism 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 
y
le(upper, blue) or a hyperweak U(1) on a LARGE 
y
le (lower, red) as a fun
tion of the strings
ale.non-anomalous U(1)s still obtain masses, but these generi
ally 
ontain some suppression byvolume fa
tors. There are two 
lasses of axions that 
ontribute; those 
ounted by h2;2� andthose 
ounted by h1;1+ , respe
tively Hodge numbers odd and even under the orientifold. If we
onsider a simpli�ed 2� 2 mass matrix of U(1)s where the �rst element 
orresponds to U(1)son small (or 
ollapsed) 
y
les and the se
ond to one wrapping the LARGE 
y
le, 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 
y
le that is anti-invariant under the orientifold proje
tion thenthe �rst term will dominate. However, in early 
onstru
tions of the LARGE volume s
enarioh2;2� = 0. The se
ond 
ontribution arises only if the brane supports two-form 
uxes. Thus ahyperweak gauge boson 
an a
quire a mass m
0 as low as � meV if the string s
ale is � TeV,for intermediate s
ale strings m
0 � TeV but for a higher string s
ale the St�u
kelberg massesare beyond the rea
h of 
urrent experiments.Finally turning to a hidden Higgs me
hanism 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 hyper
hargeD-term, arising from the MSSM Higgs vev v ' 246GeVand � the angle parametrising the relationship between up and down Higgs vevs. If we take thehidden se
tor gauge 
oupling to be of the same order as the hyper
harge and the soft massesto be generated by \little gauge mediation" from the visible se
tor, 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 prin
iplesmall masses sin
e m2
0 = 2g2h(jH1j2 + jH2j2).Patras 2009 3



If the symmetry breaking is dominated by the Fayet-Iliopoulos term, then m
0 = 2gh� andthe mi must ne
essarily be smaller than gh�, so that the Higgs mass is � gh� � m
0 . Moreover,the above simple s
enario leaves one Higgs �eld massless. This is a problem sin
e the Higgsbehaves like a mini
harged parti
le, for whi
h there are stri
t bounds if its mass is less than� MeV. This problem persists if we set mi > � so that the hidden U(1) is broken by anMSSM-type Higgs e�e
t, sin
e there hH1i � hH2i � mi=gh ! m
0 � mi.To obtain hidden photon masses smaller than� MeV, there is a natural me
hanism involvingan additional hidden U(1)00 symmetry with 
oupling ~gh � gY that obtains a mass m
00 via theSt�u
kelberg me
hanism. In this 
ase, negle
ting the Fayet-Ilioupoulos term, the potential ismodi�ed to~V = m21jH1j2 +m22jH2j2 +m23(H1H2 + 
:
) + 12�g2h + ~g2h m2xm2x +m2
00!�(jH1j2 � jH2j2)2where mx is the mass of the modulus 
orresponding to the axion eaten by the U(1)00. We thenobtain the relation m
0 & 1jW0j mi ! m
0 & 1jW0j MeV;whereW0 is a 
onstant parametrising the va
uum expe
tation value of the superpotential of theunderlying supergravity theory. By taking this to be large we 
an obtain a hierar
hy betweenthe hidden gauge boson and Higgs masses, but at the expense of some �ne-tuning.A
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