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Large extra dimensions: 1

Remember the hierarchy problem

— fundamental scalars cannot deal with a high scale in theory

— weakness of gravitational interaction means large Planck scale
Gn = 1/(167Mpianek)?

= solution: there is another reason why we see a huge Mpjanck

Large extra dimensions (ADD)
— Einstein—Hilbert action for fundamental Planck scale
S = —% / d*x/|g|MZR — —% / d*™"x/Jg| MZT"R
— compactify additional dimensions on torus

S:—%/d4+”x\/|g|Mf+”R:—%(an)”/d4x\/|g|Mf+”R

— match the two theories on our brane [also: match to measurements]
1 1
~5@m) [aV/RIMTR =~ [ d*xy/TaIMAauR

= express the 4D Planck scale in terms of fundamental Planck scale
Mpianck = M (27TM., )"/ 2
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Large extra dimensions: 1

Remember the hierarchy problem

— fundamental scalars cannot deal with a high scale in theory

— weakness of gravitational interaction means large Planck scale
Gn = 1/(167Mpianek)?

= solution: there is another reason why we see a huge Mpjanck

Numbers to make it work

— wanted rM,, > 1
— constraints from gravity tests above O(mm)

— My = 1TeV < Mpiane fine forn 2> 2 n r
1 102 m
2 | 10°%m
3| 107%m
6 | 1071 m

= signatures of strong gravitation in extra dimension?
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Large extra dimensions: 2

Only gravitons in extra dimensions

— expand the metric in (4 4+ n) dimensions  (graviton field h]
4 1
ds? = g,f,|+r‘)dx""dxN = (WN + WhMN> dxMdxN

— include matter into Einstein’s equation

7< Tuu(x)ocs(”)(y) g )

R=-
2+ngAB Ve

Rag —

— Fourier transformation of extra dimensions [k« excitations for periodic boundary conditions]
h(m x)

hag (X:;Y) Z Z TW')”

m;=—oo

— only the interacting (tensor) graviton [hag — G, QCD massless]

1 8,0, T T
@+m)ck) = —TW+(“ + W)—A =
MPIanck 3

— KK mass splitting . = 17ev

) M. N2/ 0.003evV  (n=2)
sm~ = = 27M, ( . ) =4 01Mev  (n=4)
r Mptanck 0.05GeV  (n=6)
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Large extra dimensions at the LHC: 1

Gravitons for LHC phenomenologists

— tower of KK tensor gravitons fo,,) with mass my

— mass splitting om < GeV [below mass resolution]
— universal couplings to massless SM particles via —T .., /Mpianck

f(k1)—f(k2)=Gpw : TV (Wyv +Wop) with Wy = (K1 +ka)uvw
andl

= KK gravitons light and weakly coupled

Hope for collider searches

— real radiation of continuous KK tower [dm/dk| = 1/r; (do) o 1/M3 gl
Ss_im"—1 /M 2
dotover (da)/dm Sy_ym 1 = (do)/dm 6-1 ( P'a”Ck)
(27M, )" M.

— higher-dimensional operator from virtual graviton exchange [s—channelin D]
1 Ss_1 A"2
2 ™ n+2
S — Mg, 2 MIt

A= T TH
2 e
MPIanck

= 1/M2 interactions after integration over KK tower
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Large extra dimensions at the LHC: 2

Gravitons radiation

— off single—jet production  [huge rate]

— off DY production

[precise knowledge]

- baCkgrOUnd: radiation of Z — v [measure z — ¢¢ and subtract]

o(pp - jet + Ry) [fb]

104

\b Vs = 14 TeV LHC
Epge > 1 TeV

1072

2 4 6 8 10

My [Tev]

= jet channel no challenge at LHC
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Large extra dimensions at the LHC: 2

Gravitons radiation
— off single—jet production  [huge rate]
— off DY production [precise knowledge]
= jet channel no challenge at LHC

Virtual gravitons

— s channel gg — p*u~ new at LHC
— s channel gg — jets useless [QCD background uncertainty huge]
— effective field theory in Mpanck  [1/MZ betten

50:pp - I'l” (D8)

Mg [Tev] 50:pp - I'I" (D8) M [Tev]
10 |
[--- 100 5F
8 b s
6 F 3
L 2 b
4 5 --- 100fbt
r |- -1
2 [ 1 — 10fb
P T I I I EIr 0 PRI BT T i B
2 4 6 8 10 12 o 2 4 8
AlTev] AglTev]
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Warped extra dimensions: 1

Alternative Solution

— try one extra dimension, but not flat (revbrane aty = b]

ds? = e Wy, dxtdx” —dy? < gag = <

0

— integration measure in our usual Lagrangian d*xe =% §,,,,

s=/dy5(y)d4>z —aKb /d“ e M0 \DMH\Z A(HI?

— write effecive 4D theory on TeV brane scaling all fields

b

S € ¥
([ .| II

<@
I

e_kbA“

® ® o

—kb

H

scalars

orb, =e D,

—3Kkb/2y  fermions

—kb

—kb

m

\%

— assume kb ~ 35 and large M* ~ k ~ Mpianck

= mass scale on TeV brane shifted

Y

~0.1

e Mpanek ~ 0.1 TeV

e—Zk\Y‘fmw

= Nupv

")
Mk

—v2)2 4 ]
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Warped extra dimensions: 2

Gravitons in one warped extra dimension
— re-write the metric including 4D graviton

1 L v
ds? = arkp (mw + huw(x,z) dxtdx” — d22>

— solve Einstein's equations separating variables f,..(x,z) = ﬁ,w(x)d>(z)
80"y, = m2h,,,

15 k2

—Ro+ = —— o =m0
EACEED

= Bessel functions, masses given by roots J;(Xj) = 0  Neumann boundary conditions]
m =x ke *  x=3870,10.2165,..

- Couplings via wave-function overlap inz [approximately, neglect Bessel functions]

®(2)| ey _ vkz+ L penck L1 1
¢(Z)|P|anck v kz + 1‘Tev v ek }T ekb/Z

=- universal couplings except for zero mode graviton

1 0 1 (m)
L~ ——THhy, + THY h;,/
Mptanck Mptancke ~+® Z




Warped extra dimensions at the LHC

TeV-scale resonances to e.g. leptons, revisited...
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eaonate. . New physics at the LHC: 2
Standard Model
Tilman Plehn
Extra dimensions alternative scenario for LHC

Large dimensions

at the LHC interesting new model

signal: missing energy or resonances

Warped dimensions
atthe LHC no challenge for LHC trigger

identification of model parameters?






	Large extra dimensions
	Large extra dimensions at the LHC
	Warped extra dimensions
	Warped extra dimensions at the LHC

