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Introduction

Top down motivation

Global string compactifications must have many fields we do not see, with
masses below the string scale:

e Moduli; after stabilisation, masses ~ Ms,>. Couple gravitationally.

e Axion-like particles & F A F: imaginary component of moduli; tree level
decay constant typically M ~ M; or zero!

e Type Il: U(1)s from R — R four-form C4 = U, A 3° counted by h*'
In addition there may be

e Open-string moduli, masses > TeV

e Exotic matter, masses > TeV

e Hidden matter

Hidden gauge groups

Can we detect any of these? Would learn about global structure, rather than
local.
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Bottom up: Shining a light on the hidden sector

Exist renormalisable operators:

y M oy _
LD %Fauu/:“ — 8?FEHVF5 + (’XabAaU“(?u)\b + hC)

When Fa ., is the photon, and F}"” is a hidden U(1), exist many possible values for x,
hidden photon mass and hidden gaugino mass that are phenomenologically
interesting:

1. (x, my,my) ~ (1078,0.2meV, < GeV), “Hidden CMB” explains apparent
excess of neutrino species

(x, m,r,mys) ~ (10712,0.1MeV, < GeV), Lukewarm DM
0—4,0,100 GeV), Hidden gaugino at LHC
X, Myr, My 0-'",0, 100 GeV), Hidden Photino DM

(x; myr, mys) ~ (1
( )~
(x, mys, mys) ~ (1072%,0,100 GeV), Decaying dark matter
( )~ (
02 (

~

~

X, My, My) ~ (1073, TeV, TeV), Z' — may be first new physics LHC sees..
myr,mys) ~ (10~ 7 meV,N/A), Light shining through walls (e.g. ALPS)

(x, myr,mys) ~ (10~ 4,GeV,GeV), “Dark Forces” - PAMELA, ATIC,... and
beam dump experiments (e.g. at DESY, JLAB)

Or magnetic mixing...

© N o g > D



Introduction
Magnetic Mixing

Explanation for DAMA using Nal detector seeing signal, taken from S. Chang,
N. Weiner and I. Yavin, “Magnetic Inelastic Dark Matter,” arXiv:1007.4200

[hep-ph].
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FIG. 1: The weighted-atomic mass and weighted-magnetic
dipole moment (Eq. in units of the nuclear magneton pn
of various dark matter search targets. (C,O and Ca,Ar have
been shifted slightly so as not to overlay each other.)
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Where to look
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Introduction

Z' models

Abundance of models with extra abelian gauge symmetry
under which SM fields are charged, e.g.

e Extra dimension and string D-brane models (see
[Antoniadis’ Talk] and later...)

o U(1) NMSSM, e.g. W > ANH,Hy + ANEE

o« E6 GUT

e Hyperweak brane (more later)

» Also useful for Z’ (or Z’'+ anomaly mediation...)

However | will focus on hidden U(1)s, but more to come in
future work!



Introduction Dark Forces Heterotic Strings Type |IB Strings Probing KK Modes Warped Models Conclusions

Light Shining Through Walls

® PVLAS, BFRT, ALPS searching for axion-like-particles or hidden photons:

Naser Vaser

B




Introduction

Kinetic Mixing in SUSY Theories

e For supersymmetric configurations, kinetic mixing is a
holomorphic quantity:

1 1 1
2 h
Lo /d Q{WW3W3+ Wwbwb_ zxabWaWb}

e Runs/is generated only at one loop

e SUSY operator contains mixing of gauge bosons, gauginos and
D-terms:

/d29 — *Xab WaW, +c.c. D — ng FauwFL" + (/gab)\aal‘aﬂb + h.c.)

— XabDaDp



Introduction

Kinetic Mixing in SUSY Theories |l

® Can show that physical mixing obeys a Kaplunovsky-Louis type formula

Xia (Xab) + tr(QaQb IOg Z)

HZK nrQaQb(r)
9adb 2 Z,:

® Only K&hler potentials from light fields charged under both contribute — does
not run below messenger scale (except for gauge running)

® “Natural” size given by one-loop formula, assuming tr(Q2Qp) = 0:

|
XD, = Qu(anb log M//\)

= T290 tr(QaQb log \M|2> 9adb

1672 1672

® Depends only on the holomorphic quantities!
® D-term coupling can give Higgs portal terms x apHuHgH+H—.
® Magnetic mixing given by 8w2Im(x) .



Introduction

Dirac Gauginos
see talk by K. Benakli

Kinetic mixing can be used to calculate leading gaugino masses in field theory

(even if kinetic mixing vanishes or have non-abelian groups!)

From F-terms (not the case in LARGE volume scenario where complex structure

moduli do not develop vevs):

—5 [ POUSW W, — — 32N, (Gsx(S)Fs

Otherwise need adjoints; relevant term from gravity mediation and high-mass
gauge mediation is D-term:

/ PIW'™ W2 X3yax(X?) = / PO tr( Wa X)dxax(X3)
Advantage: can calculate in the SUSY limit. E.g. intersecting D6-brane model on

tori, parallel branes of length L separated by distance / in one torus, intersect /5
times at angles (¢, —¢) in other two

. iT, 2
Nap = 1 / |Og 01 (471.”2La/ ) lﬁ%) _ l2 E
ab = ypzab 7](@) 8m3a’ Tp
«@

Induce D-term by shifting angles to (¢ + ¢, —¢), calculate mass to be

me 1L, {"9;(4&”%)7 I }
01(L T2y 2xTy

4727 o




Dark Forces

GeV Hidden Bosons

[Arkani-Hamed, Finkbeiner, Slatyer and Weiner, 08]: Possibility
to explain excess of et detected by PAMELA but no protons;
excess of 511 keV ~-rays from INTEGRAL as decay or
annihilation of dark matter into hidden boson with mass O(GeV)
and kinetic mixing y ~ 10~* (can also explain DAMA signal ...)

These values appear naturally if there is hidden matter:

In MSSM hypercharge has a D-term from Higgs:
1 2
Dy = —égyv cos2p3
Induces hidden D-term via mixing

1
- / dzexé Wy W, +c.c. D —XDth



Dark Forces

GeV Hidden Bosons Il

o Generates potential for hidden matter:

9% 2, X 2
Vi~ ¢ E i|6il©+ =D
2( : qil#il o y)

1/2
o my, = V2gn(pi) ~ v (Xg”quﬂ) ~ GeV for gn ~ gy

» Actually require a slightly more complicated hidden sector
since naive FI mechanism gives massless hidden Higgs —
minicharges



Dark Forces

Hidden Sector Models

Nice example, very simple dark matter model with hidden sector [Morrissey,
Poland and Zurek 09]
W D AgSH H_

With soft terms have potential
2 2 2 2 g 2 2 2
V=P (ISH 7 + [SH-[" + [Hy H- %) + - (H¢ | = [H-[7 =€)
+ m2 |Hy |2+ m2|H_|2 + m2|S|? + (A\sAsSH+H_ + c.c.)

Assumed gauge mediation to obtain small hidden sector masses from little
gauge mediation etc

® Large masses (e.g. from gravity) expected to prevent breaking of U(1)’
® (Can this be compatible with string theory?



Dark Forces

Dark Forces and Gravity Mediation

® In |IB, could have sequestering of hidden sector relative to visible sector

® However, if both are at singularities, say, or in heterotic orbifolds need another
mechanism

® Provided \g is large enough (=~ N = 2 value) RGEs can drive the masses small:

am? 1

s
v E[Zas(mg +mE - m? 4 AZ)]
ami 1 2, 2 > a2
o = E[ZQS(”’S +mL 4+ me + Ag)

— 8M2a + 2a(m? — m?)]

o |f A% > 2g? at low scale and m,ﬂi < 0 can have massive dark gauge bosons, no
goldstone modes
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Dark Forces

Minicharged Particles

Kinetic mixing opens possibility of minicharged particles:

1 v 1 v v . L
—ZFauuF; —ZFauuF[; +%FbMDF[; —eAglvu_ghA;,]h#

1 v 1 v
- = ZFV#VF# - ZFh,u,UF;,L

— €A} — gnAlih — XGnALjnu — XG A + O(X°)
NB Fa — Fa+ O(x*), Fo — Fo — xFa + O(x%)
Particles with fractional electric charge e ~ xgn/e

May be detected e.g. in laser polarisation experiments
Strong bounds from astrophysics: € < 10~ for masses < 5 MeV
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Minicharges

Conclusions

Accelerators
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Dark Forces

Hidden Photini

® Gauginos of the hidden U(1) do not interact with it
® However they may mix with the Bino:

Tt 1 x \- Ah 1 Mpy A
ED—I(/\h)\Y)<X 1 )Uua*”()\y)_ (A,,A)( Moy Mw)(/\y +c.c.

~ —iXarou iy — XL 9, Xy

1 Mhpn Mpy — xMpn ) ( Ah )
— (M c.c.
2( h Y)( Mpy — xMpn Myy Ay +

e |f hidden photino is LSP, strong bounds from dark matter overproduction on x vs
mass: for m > GeV, x < 1070 unless there is hidden matter for its decay
([Ibarra, Ringwald and Weniger, 08]

e If photino is LSP, x > 10~3 may detect at LHC! This is ok if mass < MeV. |
Arvanitaki, Craig, Dimopoulos, Dubovsky and March-Russell,2009]



Heterotic Strings

Heterotic Models

Consider unwarped heterotic models, string scale is set ~ 1017 GeV, all gauge
groups derive from breaking Eg x Eg or Spin(32)/Z, — generically have hidden
gauge groups (e.g. for gaugino condensation to stabilise moduli and break
SUSY)

® Plausible that there may be hidden U(1) factors!
® [Lukas and Stelle, 99], [Blumenhagen, Honecker and Weigand, 05] showed for

smooth compactification manifolds kinetic mixing is possible when there are U(1)

bundles by dimensionally reducing the anomaly term Sgg = 48(27r)5 > [ BAX:

fab =0abS + fiap TX

1 —-m=n
frab :ﬁtrEs(Qﬁv)trEs(Q%) Z ik fi ¥
ij

® Expect to obtain generic value ©(10~3) (or zero!) (but may be exceptions...)
® Masses of U(1)s given by

Moo — (Y ke {t.h (M)}
T\ aamtre (Qm?) [ A (wFi2 — JuR?) k=0

Obtain massless U(1)s when some subset of fluxes are in linear dependent
combinations of subset of H':.



Heterotic Strings

Heterotic Orbifolds

[Dienes, Kolda and March-Russell, 97] considered mixing on
heterotic orbifolds:

Xab bap MéUT / a?r
= | B —

where .,
bap = —Str massless( QH Qa Qb)

with Qy the helicity operator, Strmassiess being a supertrace over
massless states; and

Bab(T) = _Str(QHanbealMlquﬂ'ITea/MEZﬂ'IT)

Tried some examples (Antoniadis, Leontaris and Rizos, 90],
[Faraggi, 92 and 93]) and found zero mixing in each case.



Heterotic Strings

Heterotic Orbifolds Il

Work with S. Ramos-Sanchez and A. Ringwald

Modern orbifold models in ‘fertile patch’ of mini-landscape involve Zg — I/ orbifold
of Eg x Eg with two or three Wilson lines

NMSSM model of [Lebedev and Ramos-Sanchez, 09] has hidden gauge group
SuU(6) x U(1)

Gauge shift in “standard embedding” (1/6, —1/3, —1,/2,0%)(08), three Wilson
lines

Messengers:

# Trrep

1 (37171)1/6"—(37171)771/6
1 (1,1,6)_1,2+(1,1,6)1 2
9 (ML) +(1,1,1) 400

Despite presence of messengers, find stringy kinetic mixing is zero! (Apparently
agrees with earlier orbifolds)

Once gauge singlets acquire vevs due to anomalous U(1) D-term (different
U(1)...) find non-zero mixing of typical size 10—3




R-R U(1)s

e Arvanitaki, Craig, Dimopoulos, Dubovsky and March-Russell
[2009]: " R — R U(1)s V* A a,, which may mix with the
hypercharge

Sym D —/QW%Im(M)aﬁdva/\#qdvﬁ—lCag <(aﬂ+aﬁ)dvo‘/\*4F>
4 T

o Gauge couplings O(gs), mixing determined by moduli vevs a°

e No charged fundamental matter (adjoints possible when
three-cycles shrink to zero volume and group enhanced to
SU(2)), no masses/axions (unless non-Kahler compactification,
[Grimm and Klemm, 08])

e If moduli a stabilised at string-size vev, get usual 10~2 mixing
o If via field theory (e.g. ais singlet of NMSSM) get O(10~19)

e Gauge couplings do not depend on Kahler moduli, no matter
couplings — very light photinos; for 10~2 mixing must be < MeV
to avoid astrophysical bounds - but this may be what we expect!




Type 1IB Strings

The LARGE Volume Scenario

Type 1B string theory, Complex structure moduli stabilised at SUSY value by
three-form fluxes, gives superpotential Wy

Volume of Calabi-Yau in “swiss-cheese” form
V=122~ h(r;)

Or K3-fibration: 1/
vV =1./27 — h(r)

Need small cycle 75 > 1

® — Instanton/gaugino condensate generate contribution to superpotential

W > Ae—aTs
Kahler potential with o/ corrections K > —2log |}R(Tb)3/2 + 5/2} , needs

h2,1 > h1,1

Volume, 73, stabilised at exponentially large value: V ~ 108 for GUT, ~ 104 for
intermediate scale strings, ~ 1030 for TeV strings

AdS vacuum with SE&SY, small uplift required to dS by anti-branes, D-terms,
F-terms,...

(MS)SM realised on D7 branes on collapsed cycles 74 ~ 0 (Quiver locus) or 2 1
(Geometric regime)



Type 1IB Strings

U(1)s

* R-RU(1)s
e D-branes carry U(N) = SU(N) x U(1) gauge group
o Several stacks of D-branes to realise (MS)SM
—Generically several U(1)s (most anomalous)
» Some non-anomalous U(1)s massive via Stiickelberg
mechanism
¢ May have hidden branes for global consistency of model
« 7p provides potential hyperweak U(1) with g ~ gyyV~1/3
[Burgess, Conlon, Hung, Kom, Maharana, Quevedo 2008]
or possibly even weaker for K3 fibrations, up to
g~ gV /2
e May have hidden anti-D3 branes for uplifting to dS, or
uplifting by hidden D-term
e — hidden U(1)s
What are the masses and mixings?
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Fermion Condensates

Dynamical scale

4nT

/\ = M3V1/69_T

47
or at quiver locus: g2 ~ 21gs — A ~ MsV'/6e™ bos
Essentially arbitrary, unless broken by standard model:

A ~ 100MeV — m,, ~ 10KeV for hyperweak intersecting
standard model branes

Can probe to minimum U(1) mass ~ g x 5MeV from
minicharge bounds; ~ 100eV for GUTs, ~ 0.1eV for
intermediate strings
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Hidden Higgs

For a hidden Higgs, m,, = v/2gx(Hp)

Hidden Higgs behaves like minicharged particle; need
my > 5 MeV

Naively, for hyperweak gauge group, can have m,, < my
BUT quartic coupling oc g2 — m., ~ my

Couple to another gauge group g’ ~ e — leaves one
combination massless

One solution: give second U(1) a Stiickelberg mass
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Hidden Higgs Il

e Consider moduli X = x; + ia; with Kahler potential
K> 3K+ X+ 2Mgi V)0 + X + 2Mgn V)
e Gives contribution to Hidden Higgs scalar potential
AV = JKGmxE + LGRKiNMox; + Kyl [H [ — [Ho )

e Integrate out x, gives correction to quartic term

V =mi|H, |2 + m3|Hy|? + mi(Hs Hs + c.c)

e (=) oz = ey
2 m; + n?,,

e Find in LARGE volume scenario with modulus 7o, m,s > %
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Stlckelberg Mechanism

® Massless modes of axions generate U(1) masses:
1 . : oo
£ D —/d“xK,»,EaHa'aVa/ + Mjora A,
1 o
—/d“xE(Kk’Mk,-M,/-)A’MAf”
® Sensitive only to Kahler moduli

e KK modes of axions generate kinetic mixing. Couplings and masses depend on
complex structure moduli (including brane positions):

1 1
L D —/d4X7dCQ /\*ng+Ma(Z)Cg/\Fa+Mb(Z)Cg/\Fb+EmZ(Z)CQ/\*Cg

MaM,
/d4 S22 (2)Fa N xFp + .
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Stlckelberg Mechanism |l

® Masses from integrating out closed string spacetime two-forms

® In NS sector, gauge fields only couple to “universal axion” via F A xB, - zero
mode is projected out

® In R sector, have couplings from WZ terms F A Co

Zero modes not projected out are:
o D¢ Awa € HI'(Y), couples to gauge flux F € HI''(Y)
° BZAGAcC HE’Z(Y), needs brane not invariant under orientifold projection.
Mass:
2 9agb Ms

m =
St ab 4

= = DyAr DB
x| GeaM1°P %P2 1 1o, + G*P N "N 525 (Pap, 4 — Fap, bp, A)(PbD,8 — oD, b0,5)

Gog ~ V1/3,G*B ~ V=1/3 for swiss cheese, potentially G*° ~ V1 for K3

fibration.

® Metrics and gauge couplings determine size of U(1) masses, suppression
relative to string scale

® 1meV possible for TeV scale strings

® GUT scale strings give phenomenologically unappealing values

® To avoid Stlickelberg masses, generically require no (global) gauge flux and
(D] = D]

® If D, # Dy pointwise may have kinetic mixing
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Kinetic Mixing vs Massless Photon

Kinetic mixing arises from loop diagram (in open string channel). How can we extract
the modulus dependence?
® No contributions from stringy oscillators (enter Kahler potential): only KK and
winding modes of closed strings
® (Can analyse by inspecting which forms couple:
M2 1
75[ F/\*4BQA7(J/\J—C1(£)2)
gsﬂ' D7vis 2
+ FACP A
D7vis

+ FADY A Zy Acy(L)
D7y

+ FAE® A 24]
D7y

® For GUT model and SUSY mixing, only flux dependent parts on visible brane do
not cancel; KK modes must “feel” the flux:

/0722/\01(12):/8(122:/ad22750

® May be B, and Céz) couplings to flux on hidden SUSY brane
® |eaves B, coupling to J A J on hidden brane, and Z,
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Kinetic Mixing and LARGE Volumes

Holomorphic kinetic mixing parameter depends only on
complex structure and open moduli:

1—loop non—perturbative

Xoo = Xap P21, Vi) + X (zi,e" T, y)

For separated branes, no light states — no volume
dependence from Kahler potential
Fluxes do not break supersymmetry

Complex structure moduli typically O(1), or small in
warped throats

Expect typical x?, ~ O(1/1672)
Find xap ~ gagh/1 672

Hyperweak brane leads to mixing xa» ~ 1073V ~1/3 (swiss
cheese) or xa ~ 1073V ~1/2 (K3 fibre)
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Kinetic Mixing vs String Scale
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Type 1IB Strings

Kinetic Mixing with Antibranes

® D3 branes may be introduced to uplift to dS vacuum
® Support massless U(1)s (unless there is a hidden higgs) since relevant axions

are projected out by orientifold

Will mix kinetically with hypercharge, with volume suppression (no longer
protection by SUSY)

Mixing with bulk branes

 _9a%
(1672)
Mixing with collapsed or D3 branes:
\ o 920 (1)
(1672) v

f(t') « t' as t' — oo, depends which KK modes of By, C, couple to D3

® B,, C, couple with same sign for antibranes

Mixing with U(1) from GUT brane not pointwise invariant under orientifold will
always be present, since flux [ ¢;(£)? is globally felt



Kinetic Mixing with SUSY

If mixing cancels, may still be induced by SUSY breaking effects
Look for operators at one loop:
=4+ DE+3)0 wewe
AL D/d49WaWb( +¥cc‘> + wawP ,
M2 M4 M4

Can show that first and second are zero if SUSY kinetic mixing cancels
Second has different gauge structure, but non-zero only for hypercharge D term W3 W’

Find (from toroidal calculation) M~* ~ (4=5M%)~1v=2/3 ~ (MgR)~*:

Dy

Da

2 g4
gy f(t') 9479y ( v )4 2

~ = — — ) cos” 2,
XYY Tams \ s

® Ms ~ 10'°GeV have x ~ x ~ 10759 Mg ~ 1TeV find 10~27.
® Mixing with hidden D-term 1033, 1023 respectively — maybe good dark matter candidate
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Predictions
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Probing KK Modes

Hidden KK Modes

For large hidden dimensions may detect KK modes of
hidden gauge boson in beam dump experiments —
effectively have massive hidden gauge bosons even
though gauge group unbroken!

Visible sector wraps small cycle — does not have KK
modes

In swiss cheese model, TeV strings (V ~ 10%0) give
masses O(10) MeV and mixing x ~ 10712

Beam dumps sensitive up to O(100) MeV at x ~ 107, but
now have lots of KK modes!

Xeft ¢ X X vVNkgK

For swiss cheese with TeV strings, xe ~ 10719 — may be
accessible with increased luminosity

Actually can get much more realistic values if we allow for
one large dimension...
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Calculating Mixing in Warped Compactifications

® Consider (A2A%) in 10d SUGRA

® D3 mixing, only Bjy), C(4 components contribute
® \Vertices 2ma’ upGpParnd(Xp) for B

® Propagator

exp [ips - (¥1 — ¥o)]
GWo, 1) = 10 R VT J0J]
Vo-r1) = ; i+ IpoP
® obtain
1 (27ra)
=y (@) 8 Vpp, Vpp, A2 AP
exp [ips - (1 — yo)]
+F(a Fb) /dypady  (2ma’)” p-3 N~ XP s - (11 — Yo)l
LAY |ps|2

P70



Warped Models

Dimensional Reduction

Consider vevs for flux components Bff), Cff,):

. 1 .
S5 7 [P detG)1/2(rF1\2+|F3|2+|F5|2)
4/-110 2
1

/d10 ( detG)1/Ze—2¢|H3|2
4’f10

Term |F5|2 |F5 — 1Cg ANHs+ 5 Bg A F3|? generates mass for
4

B\, c)

— suggests we model as a massive scalar



Warped Models

Flux Masses

« Effective action for component of C,S?):

e—2A 1 ]
E = 2]{%\0/§ gm”8m¢8n¢+é‘Bée)/\d(6)¢‘2+§‘H§5)|2¢2 ,

e Estimate
Hs, F3 ~ ni3/ Vs,

« Probe distances O(V3/nl2)



Warped Models

Randall-Sundrum Models

Metric
ds? = e 2klly , dxtdx” + dy?

Propose “string inspired” Lagrangian
M2 -1 1,
Ebu]k = 2794 / 7dB A\ *5dB + Em B/\ *SB
and

1 1 1
= —F B B B
D3 492 / 2na! /A *ab (27ro/)2 N\ *a

EOMs:
{ezklynaﬁaaaﬂ + 0505 — m? | B{Y) =0

Boundary conditions:

0,B() — Ms g _oxR=0



Warped Models

Green Functions

Green functions for various types of fields calculated in [Gherghetta, Pomerol, 2000]

Go(z7) = Tk (22)2 {Ja(:pe””/k) W(ipz) — &:>(fpe”k”/k)ga(fpz>)
2 Jo(ioe™ R /i) H (ip/ k) — HL (ioe™ P /i) da (ip/ k)
x [Ja o/ K)HS (ipz<) — HS (ip/K)da (ip2<)]

Have a simplified version: for branes at yy, y; with equation
Ay (f(V)oyGly,y")) — h(y)G(y,y) = k(y)o(y — y')

obtain

Clo.y1) = mo () —2<U0)
2P G () - §G<(y1)

Independent of choice of initial conditions!



Warped Models
Green Functions |l

For Randall-Sundrum B-field, get kinetic mixing

2M4 1 1

MEm sinh mrR (1 Mg ) '

— V62
Mzm

X = G9agb

Tempting to identify Ms with M from RS, where
e kR — MSUSY/MPIanks MSI ~ Ma/k Take

Ms = MSUsyMp . Get

32 MR 1
X~ Gafbz7 * m  sinhtmR

2
MSUSY

~ Gagp X m2

Need m ~ 10*Msysy — flux wrapping cycles O(102/s)



Warped Models

Klebanov-Tseytlin Throat

e In KKLT Scenario, have throat regions with branes at end
e KT throat is toy model of this

e Metric is a cone

ds? = h="/2(r)n,, dx*dx” + h'/2(r)(dr? + rPdsg)

81(gsMa')?log r/rs
8r4
27(a’)?(2gsN + 3(gsM)? log(r/ro) + 3(gsM)?/4)
8r4 ’

e and

2

2 2
1 1 .
ds?) = ds2,, = 5 <d¢ + ; cos 9,-d¢,-> +5 ; (d6? + sin 6;d¢?)



Warped Models

Kinetic Mixing and the Klebanov-Tseytlin Throat Il

¢ Integrate out radial modes: one-dimensional Problem

S =

/ d* x0,60,é(|dr [+ |B(6)/\dr| )+ G2IHPPR .
498 Ko

 Using the variable y = log r/rs, we then have

313 (Ma')?gs

S =
4”?0

/ d*xdy dydy(2y + (¥ — ¥0)?) + ¢°.

e Very similar to RS action with

Mg _ 3r3(Ma')2gs o
g Ko °



Warped Models

Numerical Solution
Find -
32 1 G<(ys)

3M2 4y; +2(y1 — ¥0)?) G- (y4)

Xab = Ga9b

Solve numerically:

a2
32995 X
1.5

05 F \ -

OM‘

0 2 4 6 8 10 12 14 16
Brane Displacement




Conclusions

Conclusions

e Hidden U(1)s can arise in different ways in different
corners of string theory

« String models do make predictions for the values of kinetic
mixing, gauge boson mass and hidden gaugino mass!

e May learn about hidden sector of string theory not just at
LHC, but also low energy experiments such as at DESY!



Future Work

Lots of possible model building!
Can we see the R-R U(1)s?
Extend to F-theory

Calculation of holomorphic kinetic mixing in D-brane
models

Conclusions



	Introduction
	Dark Forces
	Heterotic Strings
	Type IIB Strings
	Probing KK Modes
	Warped Models
	Conclusions

