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® General introduction to extra dimensions

® Warped extra dimensions

® Multiple extra dimensions

o Involving students in high energy theory
© Cosmic sources (if time)
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Introduction

S1- Wave function

Continuity requires:

M~~~—
V(y)=V(y+27R)
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] E? = (pc)2 + (Mc2)2
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E? = (pc)’ + (M%)’ = (panc)® + (pyc)* + (Mc2)’
= (p3nc)” + (%hc> + (M)

N 7
~

(mnc?)®

in particle physics, h = ¢ = 1:

m2= — + M Kaluza-Klein (KK) particles
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Warped Extra Dimensions

Randall-Sundrum Model

2 _ 2k 2 42
ds® = e 2k<l?l p dxtdx” —  r’d¢

warp factor extra dimension

TeV

ke—ﬁkrc
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Multiple Extra Dimensions

Multiple Extra Dimensions

Fermions in Randall-Sundrum models with two
additional unwarpped extra dimensions

Jeremy Perrin (2013 Apker Finalist)
and Erin De Pree
arXiv:1310.1928 [hep-ph]
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Multiple Extra Dimensions

6D Models

ds? = e 2keldly | dxtdx” — rPd¢? —  R2d6>

new extra dim
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Multiple Extra Dimensions

6D Models

ds? = e 2keldly | dxtdx” — rPd¢? —  R2d6>

new extra dim

No bulk mass terms that are also 6D-chiral and
have four-components
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Multiple Extra Dimensions

7D Warped Extra Dimensions

Instead we add two additional extra dimensions.

o Compactify on a torus (T,) or a sphere (5,)?

e Apply the warp factor to just the 4D
dimensions or all other dimensions?
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Multiple Extra Dimensions

AdS5 X T2

ds® = e_2krc|¢|77wdx“dx” — r’d¢? — R? (d@f + d@%)

Set of coupled differential equations for the KK
wavefuntions.
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Multiple Extra Dimensions

AdS5 X 52

ds® = e_zkrcwnwdx“dx” — r’d¢?
— R?(d6? + sin* 6dw?)
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Multiple Extra Dimensions

ds® = e‘2krc|¢‘77wdx“dx” — r’d¢?
— R?(d6? + sin* 6dw?)

No zero-mode solutions without additional structure
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Multiple Extra Dimensions

ds® = e‘2krc|¢‘77wdx“dx” — r’d¢?
— R?(d6? + sin* 6dw?)

Problem
No zero-mode solutions without additional structure

General result for all manifolds of positive curvature.
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Student Involvement

A Research Group

© Start early
® Work in small groups
© Not every project results in a publication
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Student Involvement

Questions and Discussion

Thank you

ekdepree@smcm.edu
arXiv:1505.00024 [astro-ph.HE]

arXiv:1310.1928 [hep-ph]
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Possible sources of KK particles

Colliders

e Control the source (luminosity, Ecyu, etc)

e Expensive
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Cosmic Sources

Possible sources of KK particles

Colliders

e Control the source (luminosity, Ecyu, etc)

e Expensive

Cosmic sources

o Free
e No control over the source
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lan Morgan, Ted Tao, De Pree, Kevin Tennyson
arXiv:1505.00024 [astro-ph.HE]
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Cosmic Sources

Observer's frame

Earth
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Cosmic Sources

Beaming

Earth
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De Pree

Cross section (mb)

107

Cosmic Sources

--- KK Total
-~ KK Leptons
KK Quarks
SM Total

10°
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Cosmic Sources

Questions and Discussion

Thank you

ekdepree@smcm.edu
arXiv:1505.00024 [astro-ph.HE]

arXiv:1310.1928 [hep-ph]
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Cosmic Sources

S Momentum

p>=p-p=p.+ps+0s+P =piptr

n ) N . 0
p = —IihV, py, = —/h@
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Cosmic Sources

S Momentum

p>=p-p=p.+ps+0s+P =piptr

. . . 0
p = —/ﬁV, py = —Ih@
—ih , n nh
AW — (Meiny/R [ Z2) =
bV = 5=ve R) "R

Eigenvalue for p,: nh/R
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Cosmic Sources

S': Fermion KK Spectrum

mass ,
v Vg
n>0 n<0 n>0 n<0
2/R |
1/R +

For M =0
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AdS; Model

ds? = e 2kl [, dxtdx” — R* (d6? + d63)] —r2d¢?
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