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Extra dimensions

= POSSIBICISEINHENTO! the iCranCly pProbl Cimii

particle physics (iheilarge separation between the weak
scale My, ~10° GeV: and the Planck scale My, ~101 GeV)

slocneral ideas:

= 77 extra spatial dimensions in which' gravity: propagates

= Standard Miodel particles confined to our 3-dim.
subspace

= hicrarchy genenated by the geometny oft additional
dimensions

= iestable predictions) at the TeV: scale
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Extra dimensions

Three scenarios:

[Large extra dimensions, (Arkani-Hamed, Dimopoulos, Dvali)

extra dimensions, are compactitied (a large radius oif:
compactification) and the gecometny ofi the space is, flat

Warped dimensions, (Randall, Sundruimn)

large cunvature of the extra dimensions

TeV: ! sized extra dimensions

Standard Moedel particles may propagate m the bulk:
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[Carge extia dimensiens (ICED)

higher=dimensional scale M,

M, zjuz)(ijD)n/2

relation between the Planck scale and the fundamental

R'1s the compactification radius

1 My=1TeVe R ranges lrom ~mm to ~10 imior = 2-6

(I/R ranges from ~10= eV to ~ 10/ MeV))

Standard Model fields constrained to the bramne

bulke graviton expands, imio a Kaluza-Kiem (KK

tower of spin-2 states which have masses k2 /R>,
where k  labels the KK excitation level
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[Carge extia dimensiens (ICED)

Constraimts on the radius of the extra dimensions, for the case of two-tlat
dimensions off equal radii (PIDG2006):

o direct tests off Newton’s law I i d ! for r <R

2 2+n
R<0.13 mm

‘& r

o collider signals (direct production of KK gravitons)
R<210-610 um
o astrophysies (limits depend on technique and' assumption)
- supernova cooling A < 90— 660 nm

- neutron stars R<0.2—-50nm
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Axions in CED

» axions could also propagate in o < 7 extra dimensions. Wiy ?
» axions are singlets under the Standard Miodel gauge gioup
» tojavoid a new hierarchy: problem M Vs. f5q

> intenesting predictions:

> tower of Kaluza-Klein states

» lowest KK excitation specifies the coupling strength ofi each KK
State to marter

» given source (the Sun) will emit axions of each mode up to the
kinematic limit

> axdonmass, may:decoupletfromithc PCeeei=@uimin scalc!
(10 4-dimensional theory 7250~17/p0)
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Axions in CED

» relation between the higher-dimensional and 4-dimensional scale
(M 1s a fundamental mass scale; €.g. a type I string scale)

szQ ~ ]?1)2QM§R§ - for gravity j\4P1 zMD(RMD)n&

o Kaluza-Kiein decomposition: oii the axion: ficld (upon compactification
ol onerextra spatial dimension)

G D= i ot d cos(%)

o clificctive 4-dimensional [Lagrangian:

0
1 & n? £

1 0 gZ o0
Lyg=Loep+=> (0,a) —=) — SN S i e
eff (0]63D) 2;( Y7 n) 2 R2 n fPQ 3272_ (nZ:(; n ) uva
H_/

KKEmoedes arenot mass cigenstates
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Axions in LED

The mass matrix: K. R. Dienes, E. Dudas, T. Ghergheita,
Phys. Rev. D 62, l)JO/J) (2000)
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CASI: Physics

Principle of the Axion helioscope sicivie, phys. rev. Len 51 (1983)

X-ray
detector

differential axion flux at the Earth

L 7
=06
2 5
s 4
o expected number off photons 2,
= 3
dd s, 2
7 B
< 0

Axion energy |keV]
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CASI: Physics

* conversion probability in gas (in vacuum: I'= 0, m. =0)

2
Bg
})a—>y = & 5 [1 +e Tt —2e 2 cos(qL)]
2 q +1°/4
[L=magnet length, [F=absonption coett:
‘L“E | t=33 days
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o et b2 T
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CASI as a prebe off LED

n=2 since CAST i1s sensitive to axion masses up to~ 1 eV

1D s entthe; Couplmig constani (e use R = Ous mn =1/R=1E3510=eV)

s estimated number o X-rays, at the pressute £

52
R

el T(0/42)

d®,(m)

R(STdmm‘S_lNyi(m)G(m) N,.(m) = j

0

zPa—>yi (m)

o fnction Gi(72) arises inom) the mixiang bhetween e KIKE axionimodes =
napid decohenrency: of the linear combination off KK axion states which
couples to Standard Model fields

5 \2
G(m) = m4{N2+1+n] m mi P

D
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CASI as a prebe off LED

R. Horvat, M. Krémar, B. Laki¢, Phys. Rev. D 69, 2004

=10

a) o=1: ~10° KK states upito ~1 eV 7

b)) 6=2: ~10% KK states up to)~1 eV

> at most an order oif

magnitude strngent [imit CD axion

KK (=1
> the axion zero mode mass . KK (6=2)
m ~1/2R'= 6.6x10"* eV

> strong dechicase mscnsitivity;
ilg, P U8 [l ie=|
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CASI as a prebe off LED

2)limitsyon thercompactiiicaion tadims A

P (mbar)
599 6.08

» due tolthe coherence
condition, CAST could
be sensitive to particular
KK states

=I
g:
Lo
=
N
—
b ]
I
I‘_,I
_|—|
=
X
z

0.254 0. 2’*6 0.258 0.26 0. 262 0.264 0.266
m (eV)

~ two signalsiwhile changing the pressure of theigas (in the regime 72,,=1/(2R))
a)l M= py = =1/R = 0.8/cV. = R =250 nm

b) mg=mp, =m=1/R=1.15eV = R~ 170 nm
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ConclusIons

[ addition to gravity, axions, too could propagate in large extra space dimensions
— Kaluza-Klein tower of axion states.

We have explored the potential off the CAST experiment for observing KK axions
coming from the selar micion:

> In theories with two exira dimensions (with R=0.15 mm), the axion mass is
decoupled from /i, and 1S set: by theicompactitication radius k. In addition,
there 1S a Strong deeticase I SCusIVILy o1l g, o 777y s keI (d U0 mixXifg
between the KK axion modes).

» CAST experiment may be sensitive to particular KK axions = probing of
two large extra dimensions; with' a compactification radius A down: to; 170 nin.
1 77p0=1/(2R).
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BACKUP SLIDES
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Axions in CED

- the solutions to the transcendental

equation for a) the axion zero mode;

b) the first KK excitation
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' L 2
) if m,, <<— KK axion massesare my,, T
: : s 75 8
2) if my, >>— KK axion masses are vy
Dat @ 2R W

o the lightest axion mass
cigenvalue

1
m, ~ min (mPQ : 2Rj

e the masses of KK I
excitations are separated
by = 1/R

1
R

i 1
——m, ® min (mPQ ,ﬁj
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