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Extra dimensions

M2 possible solution to; the hictarchy problcimim
particle physics (ihe large separation between the weak

scale M, ~10° GeV:and the Planck scale M, ~10 GeV)
= genenal 1deas:
=/ extra spatial dimensions) i whichs gravity propagates

= the Standard Miedel particles confined to our -dim.
subspace

= thehicrarchy generated by: the geometry off additional
dimensions

= testable predictions at the TeV: scale
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Extra dimensions

Three scenarios:

[Carge extra dimensions, (Arkani-Hamed, Dimopoulos, Dyali)

the extra dimensions are compactified (a large radius) of
compactification) and the geometny: of the space is, flat

Warped dimensions, (Randall, Sundruimn)

a large cunvature off the extra dimensions

TeV ! sized extra dimensions

the Standard Miedel particles may propagate mithe bulk
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Large exiradimeasions(ICED)

o the relation between the Planck seale and the fundamental
higher-dimensional scale M,

M, =M, (RM . )”/ 2 R'1S the compactification radius

* M= TeVE it ianges, irom ~mim to~10imior 7 =26
(I/R: vanges from ~10 eV to =10 MecV)

o the Standard Model fields constrained to the brane

o the bulk graviton expands mtora Kaluza-Kiem (KK
tOWer of spin-2 states which have masses \/k2/R?,
where gk labels the KK excitation level
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Large exiradimeasions(ICED)

Constramts on the radius of the extra dimensions, forthe case of two-flat
dimensions! off equal radii:

 direct tests of Newton’s law 1 . for <R

2 2+n
R <0.15 mm

r 7

o collider signals (dinect production off KK gravitons)
R<210— 610 pm
o astrophysices (limits depend on technique and' assumption)
- Supernova cooling = A < 90— 660 nm

- neutron stars R<0.2—-50nm
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Axionsin CED

> axions could alse propagate in 0 < 7 extra dimensions. Wiy

» axions are scalars under the Standard Model gauge group

» tojavoldia new hierarchy: problemi/g Vs. fpq

» interesting predictions:

> atower of Kaluza-Kilein states

» the lowest KK excitation may: be identified with the ondinary PQ
axion and specifies the coupling strength off each KK state to matter:

» a given source (the Sum)will emit axions of each mode up; to the
kanematic lmit

» thieraxaon massimay, deconuplec iion: the Peecei=@uini scaler!
(in 4-dimensional theory 7250~1//pq)
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Axionsin CED

o the relation between the higher-dimensionall and 4-dimensional scale
(M 1s a fundamental mass scale, €.g. a type I stiing scale)

2 72 as0pd ,
Jro = fooMgR - for gravity M, =M (RM )"

* 3 Kaluza-Kilem decomposition of theraxion ficld (upen compactification
oif one extra spatial dimension)

s an effective 4-dimensional [Lagrangian
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Axionsin CED

K. R. Dienes, E. Dudas, T. Gherghetta,
Phys. Rev. D 62, 105023 (2000)

The mass matrix:

V2o 2 2
2+ y° p) p)
2 2+4y? y)
2 y) 2+9y?

The eigenvaluesA: the solutions x e
to the transcendental equation Tihe axion linear superposition:

A 1 I <5
ad'=—=) ra,=——) A’4,a
2 JNST NG T

TR cot(mRA) =
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Axionsin CED

- the solutions to the transcendental
equation for a) the axion zero mode;
b) the first KK excitation

1
E,
M 3

DR AIR DRiis

. 1 ]
1)if m,, <<— KK axion massesare m
PQ R PQ >

. 1 :
2) " g >> 33 KK axion masses are

o the lightest axion mass
eligenvalue

1
m, = min (mPQ : 2Rj

e the masses of KK I
excitations are separated |
by = 1/R —mazmin(mPQ,—]

i
R

2R
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CASIE PhysIcs

Principle of the Axion helioscope Sikivie, Phys. Rev. Lett 51 (1983)

X-ray
detector

K. van Bibber et al., Phys. Rev. D 39 (1989)

o the expected number off photons

5 kev]

2

Axion flux[1 0"%cm

o the differential axion flux at the Eanth ; 10 12 14
Axion energy [keV)
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CASHE: Physics

 the conversion probability inithe gas (in vacuum: I'= 05 m.=0)

a—y

B 2
P :[ g"”j p +1F2/4 [1+e‘” —2e 2 cos(qL)]

2

[L=magnet length, [F=absonption coett:
t=33 days

[S—
ja)
[958}

vacuum

axion-photon momentum tianstes

x(10"°Gev /g, )’
o o
. 2

[a—

¥

clfective photon mass

(T=1.8K) 6.08 mbar

s e coherEnce Condition

2rE
gL<nm = \/mf—%<m<\/mf+
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CASH asaproke e tED

n=2

since CAST is sensitive to axion masses up to ~ 0.8 eV

DHlimirisfonrthe couplimg Constani (ve use R =05 mm=1/R=1-3X10=cV)

e the estimated number oi X-rays!at the pressure £,

o the differential axion flux 1n the case off massive KK axions

G(m) arises from the mixing between the KK axion modes
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CASH asaproke e tED

R. Horvat, M. Kré¢mar, B. Laki¢, Phys. Rev. D 69, 2004
a) o=1:~10° KK states up t0/0.8 eV 107

b) 0=2: ~10° KK states up t010.8 eV

» at most ani order: off
magnitude strngent limit

> the axion zero mode mass
m ~1/2R!'=6.6x10"* eV

» strong decrease i sensitivity,
onig, .. tor npph==1
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CASH asaproke e tED

2)limitsyon: thcicompactiiication tadims A

P (mbar)
599 6.08

s duc to the colietience
condition, CAST could be
sensitive to particular KK
states

-
g:
L0
s
N
-
QO
-
=
_'—I
=
X
z

0.254 0.256 0.258 0.26 0.262 0.264 0.266
m (eV)

o twio signalsiwhile changing the pressute of the gas
a) m=1/2R) = m=3/2R)=0.8eV = R =2370nm

D) =g — i WRI= 0.8 eV = =25 0im
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Eonclilisions

We have explored the potential of the CAST experiment for observing KK
axions coming frem the solar mteror.

» In theories with tworextra dimensions (with R=0.15 mm)) a sensitivity on
2, INproyes at mostonconderotmagniuden addibion; tic axIonimassis
decoupled tiiom /i and s set by the compactification radius A-

» The CAST experiment may be sensitive to particular KK axions. With a
nequirement torhave at Ieast two signals while changing the presstre ot the
gas, we have iound that €ASTE sl capable of probing (twoe) large extra
dimensions with a compactitication radius R down to atound 2510 a1
Mpe=1/(2ZR), and down to asound 3570 aim it 7725, =1/(21):
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CASHE: Physics Predicted exclusion plot

CAST Prospects

Vacuum

o vacuum: in the magnet boress
= 2. 3% 0= eV (during 2003 10” v
and 2004) e

» “He gas pressure increased -
firom 0)- 6 mbar: i < 0.26,cV/

To start 1n late 2005

» *He gas pressure increased
fitom 6)- 60 mbar: m < 0.33'cV/

-
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