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e Mainly based on:

— S. A. Abel, J. Jaeckel, V. V. Khoze, AR,

“Illuminating the hidden sector of string theory by shining light through
a magnetic field,”
Phys. Lett. B 666 (2008) 66 [arXiv:hep-ph/0608248]

— S. A. Abel, M. D. Goodsell, J. Jaeckel, V. V. Khoze, AR,
“Kinetic Mixing of the Photon with Hidden U(1l)s in String
Phenomenology,”

JHEP 0807 (2008) 124 [arXiv:0803.1449 [hep-ph]]

Bonn, April 2009
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1. Introduction

e Embeddings of the standard model in string theory typically contain
several hidden sector U(1) gauge factors, e.g.

— in orbifold compactifications of heterotic string theory:
[. . . ;Bonn group;Hamburg group;. . . ]

e.g.
Eg X Eg —
Gsu x U(1)* x [SU(4) x SU(2) x U(1)4]
or

Eg X Eg —

Gsm x U(1)* x [80(8) x SU(2) x U(1)3]
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1. Introduction

e Embeddings of the standard model in string theory typically contain
several hidden sector U(1) gauge factors, e.g.

— in type Il string theory with branes:

[. .. ;Berlin — Munich group;. . .|
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e Generically mix with visible U(1), i.e. low energy effective Lagrangian

1 1
L pla)pev L p(b) v Xab a(a) (b) pr
LD 4FW Fi 4FWF(b) 5 EyF +

Mc%b a b . a
5 AL)A( )M+J(Ma)A£L)

e Kinetic and mass mixing terms, x., and M?, provide a unique window
to hidden sectors

e Phenomenology strongly dependent on mass scale. For illustration,
consider two parameter case:

(0 x . > (0 0
X_(X 0>’ M_(Omif

= Massless photon and massive hidden photon, with mass squared
2 . o= .
mv,/\/l — x?. Latter couples to both visible and hidden sector currents
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L SearCheS for hldden phOtonS: [Bartlett,..'88; Kumar,..'06; Ahlers,..‘07; Jaeckel,..‘07; Redondo,..'08]
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e meV scale hidden photon results in hidden CMB; may explain N > 3,
as favored from analyses of CMB + large scale structure if Ly-a data is
included; can be checked in light-shining-through-wall experiments

llllllll 1 llllllll | L 1 11111

1074 103 1072

my' [eV] [Jaeckel,Redondo,AR ‘08]
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Light Shining through a Wall (LSW):

/‘}/ /
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e meV scale hidden photon may be used for hidden laser communications
through the Earth

Emitter Cavity Receiver Cavity

NMWWWA A

Detector

[Jaeckel,Redondo,AR ‘09]
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e EW scale hidden photino of unbroken hidden U(1) may be cold dark
matter if y ~ 10711

12"

~14H

-16

0 20 40 60 80 100 120 140
My [GeV] [Ibarra,AR,Weniger '09]
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e Various models involving hidden U(1)s with kinetic mixing have been
proposed which aim at explanation of cosmic ray positron excess observed
by PAMELA, exploiting annihilating or decaying dark matter, e.g.

[Arkani-Hamed et al.;Nath;Chen, Takahashi,Yanagida;lbarra, AR, Tran,Weniger ‘09]

Kinetic mixing parameters needed range between
10723 < y < 1073,

while the required hidden photon/photino masses range between zero
and a TeV
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2. U(1) mixing in compactifications of type |l string theory

e First studies of kinetic mixing in string compactifications:

— Heterotic string: [Dienes, Kolda,March-Russell ‘97]
— Type II Strings Wlth D—bra nNes. [List,Stieberger ‘03; Abel,Schofield ‘03; Berg,Haack,Kors ‘04]

e First studies of mass mixing in type Il strings with D-branes:

[Antoniadis,Kiritsis,Rizos ‘02; Ghilencea,lbanez,Irges,Quevedo ‘02]
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e Generalities:

— Integrating out heavy particles generically tends to generate y # O:

f
Al Ay
a 2 2
f = Ax = {2 log(m?/p?)
— In compactifications of heterotic string: [Dienes, Kolda,March-Russell ‘97]
v Y
Va Vb

~ Y9a9p Am —17
X_ 167T20Mp210
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e In type Il compactifications with branes:

— D-branes in the bulk that have no intersection with branes responsible
for visible sector, are ubiquitous = hidden U(1)s

adapted from [Conlon,Abdussalam,Quevedo,Suruliz ‘06]
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e In type Il compactifications with branes:

— annulus diagram (open string exchange)

< cylinder diagram (closed string exchange)

Visible

/
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e Amplitude in closed string channel (orbi/orientifolded torus background):

o0 1
(VAVY) = 4(a’)*tri( At (A euen (¢ K — k“k”)/o dl/o d

VY G 0)(x) 6/(0) L 6,(0) i
‘ 2 be e,,<o>]<8w2a'>2n3<iz>z””f

N

Ve

1

o o BT k l[1+2p6€ DS p6l 1Pg ZZ]] , for large I/ls (small k’2)

e Compare with:

M? .
<Vavb> _ abAZAg + Xab
dadb Gadb
— M?, from 1/k? pole < massless closed string modes < independent

of separations z;;
— Yab from non-pole contributions «<» massless and massive closed string

modes < dependent on z;;. Large z;; < small xq».

2 Aa
KA AL

= U(1)s can mix kinetically, while being massless or light.
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e Example:

Visible D6

e For explicit calculation exploiting D6 branes in R*! x T? x (T? x T?)/Z,
See €.g. [Abel,Goodsell, Jaeckel, Khoze, AR ‘08]
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stack | N | gauge group | (n',m') x (n?, m?) x (n®,m?)
Aq 6 | SU(3),Qa, (1,0) x (1,1) x (1,—-1)
As || 2 Qa, (1,0) x (1,1) x (1,—1)
B || 4 SU(2) (1,0) x (0,1) x (0, —1)
c | 2 Qc, (1,0) x (1,0) x (1,0)
D | 4 Qs (1,0) x (1, —1) x (1,1)
Cy || 2 Qcy, (1,0) x (1,0) x (1,0)
9, (il iT} ° 2 5
_ gagzb Lig | log 1(%2.&/27 ) B Z;j /(Lll)
4 & 77(%) 2meal G !

genericz;ﬁy O(1)
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e U(1) mixing in non-toroidal compactifications of type Il string theory:

- LARGE VOlume mOdels [Balasubramanian,Berglund,Conlon,Quevedo ‘05;...]
— KKLT models [Kachru,Kallosh, Linde, Trivedi ‘03;...]

= Stacks of D6 branes or D3 and D7 branes with gauge fluxes, realising the
standard model, to be considered as a mere local construction supported
in some small region of a larger manifold, e.g.

mobile,

localized localized D3-brane

anti-D3-branes
RR flux

NSNS flux

wrapped D7-branes

= Larger variety of possible brane separations < kinetic mixing
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e Supergravity calculation of U(1) mixing in type Il compactifications:

% Mc?b [Ghilencea,lbanez,Irges,Quevedo ‘02]
%k Xab [Abel,Goodsell,Jaeckel,Khoze, AR ‘08|

— reproduces results from toroidal compactifications
— can be applied to scenarios where global properties less understood
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e U(1) mixing apparent in action of brane and supergravity fields: C,_4
and B, fields mediate mixing,

Sppr = ,up/dp+1a:e_q)\/—detg—|—27ra’F—|—B
A(47‘(‘20¢’RT)
S = / C, A trexp(2ma’F + B) A - :
WZ Hp Dpzq: q ( ) A(4r’a’ Ry)
1 10 1/2 2 =2 1 =09
Sk = =g | dia(=det G) T [FT 4+ [+ S| B[ )
10
1
Sng = P /dlox(—detG)l/Qe_2@|H3|2,
10

Ay is a gauge field, C'g are the R-R forms and By is the NS-NS 2-form and the field-strengths are defined as

- . 1 1 - -
F = dA;Fq+1 = qu;H3 = dBg; F3 = F3 — Cy N Hg; Fy = Iy —502/\H3+§BQ/\F3;*10F5 = F5
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— Kinetic mixing with generic hidden U(1) in LARGE volume model:

— e.g. D3-brane supporting visible U(1) and hidden D3-brane located at
generic position in Calabi-Yau = [Abel, Goodsell, Jaeckel, Khoze,R: JHEP ‘08]

VeM®) 2% ~ 107, for VeMS ~ 10™ (M, ~ 10'° GeV
1672 s s
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e Kinetic mixing through in KKLT like model:

mobile,

localized localized D3-brane

anti-D3—branes

NSNS flux

wrapped D7-branes

e Visible U(1) brane placed at tip of warped throat, hidden brane separated

by distance d = [Abel, Goodsell, Jaeckel, Khoze,R: JHEP “08]
GaGb : (6) (6)) nM,
ab ~ exp (—md), where m ~ min (H , F. ~—
Xab 1622 XD ( ), W 3 3 Vs M3
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e Kinetic mixing in the Klebanov-Tseytlin throat:

32 1 G<(y<9)
Xab = Gagb ~
3M2 4y + 2(y1 — Y0)?) G (1)
3.5
3 1
2.5 |
3M2 2 |
32ga952§— )
| 1
0.5 |
0 : ' i | | |
0 2 4 6 8 10 12 14 16

Brane Displacement

= can take any value, depending on the separation
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3. Conclusions

e Kinetic mixing opens a window of opportunity for probing hidden sectors

e In type Il compactifications, natural to find massless (or light) hidden
U(1)s in models with branes wrapping cycles that do not intersect the
branes supporting the standard model

e Size of kinetic mixing model-dependent, but often within reach of current
or near future experiments

= When building models with stable moduli, should examine for kinetic
mixing. Current limits may rule models out.

= Signal from experiment would rule out many models and may tell us
much about the string vacuum
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