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Extra dimensions
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Extra dimensions

# First motivated by Kaluza (1921) and Klein (1926).

# Today, motivation comes from string theory, which need a
number of compactified EDs .

#» Different models: Number of EDs, compactification
manifold, number and positions of branes and which
particles can go into the bulk .

#» In Universal Extra Dimension (UED) type models,all
standard model particles are placed in the bulk , no need
for branes. (Appelquist, Cheng and Dobrescu, PRD 64, 035002, 2001)

® Best candidate to mimic SUSY, and an alternative to
SUSY to give cold dark matter
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Minimal UED model
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The fifth dimension, y is compactified (S'/Z25)
(Orbifolding is Necessary to get chiral fermions of the SM)

In 4d for each low mass(zero mode) SM particle we get
an associated KK tower:.degenerate (-~n/R)

Conservation of KK number: conservation of ps
Radiative corrections: Degeneracy Is removed partially

Boundary corrections break KK number conservation
down to KK Parity (—1)" conservation
(Cheng Matchev, Schmaltz PRD 2002)
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Minimal UED : A five-dimensional model (z*, y)

The fifth dimension, y is compactified (S'/Z25)
(Orbifolding is Necessary to get chiral fermions of the SM)

In 4d for each low mass(zero mode) SM particle we get
an associated KK tower:.degenerate (-~n/R)

Conservation of KK number: conservation of ps
Radiative corrections: Degeneracy Is removed partially

Boundary corrections break KK number conservation
down to KK Parity (—1)" conservation
(Cheng Matchev, Schmaltz PRD 2002)

n = 1 particles must be pair produced(Conservation of
KK Parity) and decay to +; (LKP:DM Candidate)
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Expectation from LHC

#» |LHC: KK gluon and KK quarks can be produced
copiously

# Collider signature of UED: Multijet + multilepton +
Missing energy (Cheng Matchev, Schmaltz PRD 2002)

/@6

The signal can mimic SUSY at collider
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Expectation from LHC

9

LHC: KK gluon and KK quarks can be produced
copiously

Collider signature of UED: Multijet + multilepton +
Missing energy

The signal can mimic SUSY at collider
Difference : UED vs SUSY

Spins are different

(Spin measurement is difficult at the LHC)

n=2,3 .... excited states
(People have studied Z2,v2 production at the LHC)

Higgs sector
(UED: one doublet + KK modes SUSY: two doublets + superpartners)
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n =2 Gauge Bosons

® n = 2 gauge bosons can couple to two SM fermions via
KK number violating coupling

(Cheng Matchev, Schmaltz PRD 2002)
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n =2 Gauge Bosons

® n = 2 gauge bosons can couple to two SM fermions via
KK number violating coupling

o Need same energy to produce two n = 1 states or one
n = 2 state

#® The production goes through the coupling

V2 (k) _ g8t

2 ma3 M

fofoVa — (—igy"T,Py)

where my = 2/R, T, is the group generator

(Cheng Matchev, Schmaltz PRD 2002)

B. Bhattacherjee LCWS10(Beijing) 27th March 2010



Couplings

@ Y, with doublet fermions (b) vy, with singlet fermions

Coupling Constant

AR
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ZQ/”)/Q PhySiCS

® /, can decay to leptonic KK-conserving channels
(kinematics) or KK-violating channels, but it is almost 173,
so couples only to doublets
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ZQ/’}/Q PhySiCS

® /, can decay to leptonic KK-conserving channels
(kinematics) or KK-violating channels, but it is almost 173,
so couples only to doublets

#® -, can decay only through KK-number violating channels

#® KK conserving and violating decays are equally
Important: either kinematic or phase-space suppression

® /, and ~, can be produced as s-channel resonances

# Atthe LHC Z, and +, can be seen as a dimuon/dielectron

resonances (batta, Kong, Matchev PRD 2005, Matsumoto et al. PRD 2009 )

#® These two peaks may or may not be resolvable.
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Zyand vy at ILC

#® Again Z, and ~, can be produced as s-channel
resonances
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Zyand v at ILC

#® Again Z, and ~, can be produced as s-channel
resonances

#® Positions of these two peaks should give A and R and
should completely determine the fermionic UED spectrum

9 Problem
ILC Is a fixed CM machine

Resonances may several decay width away from /s
—> no signal of any significance.

» Radiative return will save us.
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Bump hunting at the ILC

Bhattacherjee,Rai,Raychaudhuri,Kundu PRD (2008)
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Observation of a high-mass resonance, or a pair of such
resonances = UED ?
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Observation of a high-mass resonance, or a pair of such
resonances = UED ?

NO
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Other models

Possible source of a single bump in the dijet invariant mass spectrum :

® Aresonant Z’ boson, predicted in models with extra U (1) symmetries.
® A heavy sneutrino 7, or 7> in a SUSY model with R-parity-violating couplings.

® A massive graviton G, predicted in the Randall-Sundrum model.

We should correlate other signals of UED like 4¢+ E/+ with dijet excess

Possible source of 4/+ K1 signal, standing alone.

® A pair of heavy Z’ bosons, with an ordinary Z boson radiated from any of the fermion
legs

® 3 pair of heavy W'* bosons, with an ordinary Z boson radiated from any of the
fermion legs

® A pair of heavy neutralinos XX (i,5 > 1), each of which decays as
X0 — 20 — £(£X0) (irreducible)
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Correlation plot
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ILC Summary

o

LHC may provide hints of UED but ILC will settle the
ISSue.

There is no ‘smoking gun’ signal of UED.

One can look for peaks in the invariant mass distribution
and four lepton excess to identify an underlying UED.

ILC environment is cleaner than LHC

Correlation plot can be used to pin down parameters R~
and AR; may also hint at nonminimal UED.

By measuring angular distributions, threshold scan, one
can reconfirm UED (Battaglia et al. JHEP 2005).

ILC is needed to identify UED!
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Scalar sector of UED

The n-th level Higgs field is parametrized as

where ", h, and x? are excitations of charged scalar ,CP
even neutral and CP odd neutral scalars.

There are three more scalars ,which are 5th components
of excitations of gauge bosons 7> ,IW>* .
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Scalar sector of UED(cont.)

The Goldstone combinations are given by

1 n
Qo0 { 0 _25} |
+ 1 + N5t
Gn:—[mwx — =W, }
myw.,, R

The orthogonal combinations are the physical fields given
by H,r, A

If 1/R > M, z) ,the n # 0 Goldstones are the 5th component
of gauge bosons.
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Radiative correction on scalars

The tree level masses of the excited scalars are given by

2 L 2 2
M, A0 = T T My 7 =

The radiative correction is given by

LA
n— m
16m2 " p2 "

3 3
5 2 _ 2 |15 2 = 12 o )\

where m? is the boundary mass term for the excited scalars,
(not a priori calculable)
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A few points to be noted :

® Radiative correction to the excited scalar masses iIs
universal.

o [+ will be the lowest-lying one.
® The hierarchy my,, > mjo > my+ Is fixed.

® For larger SM Higgs mass H;- and A9 masses go down if
we keep m? fixed. h, will become more massive.

#® The excited scalar sector becomes more massive as m?2
goes up, this affects the decay kinematics.
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Charged scalar decay

Region 1: My + > M, +
® HF —lIp(er,m1,l1) + SM Neutrino + (e,m,l) + Ny

( gauge coupling dominates over Yukawa, universal branching)

Region 2: M + > My + > M, +

o Hli — Singlet lepton(ly) + SM Neutrino+ h.c

( Yukawa coupling, only to tau lepton )

Region 3: M, + > My + > M,

9o 1"—]13E — VY1 + f? ( Through virtual Wli)

Region 4: My « > My, +

9 Hf: — Wft —|—f7 ( Through virtual W)
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Parameter space
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Cross section
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( Thomas G. Rizzo,PRD 2001).
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Summary

© o o o o o

°

Minimal UED model contains three scalars: 45, Y, AY

Masses depend on A, R—', m;, and m_%
These Higgses can decay only leptonically

Spectrum dictates that the leptons must be soft
This poses a serious challenge in their detection

The detector limitation may remove the majority of the
signal

One can study the the scalar sector with polarized
beam

We also stress that this talk is more of a qualitative
nature, and a detailed quantitative study should be
taken up.
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Thank You
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UED Spectrum
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UED Spectrum
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Energy spectrum
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Normalized muon energy distribution coming from diffrent UED particles R~1=350 GeV
(Red line: muon from Hi, Blue line: muon from mso,Green line: muon from m1, Cyan line:
muon from W:F)
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Bump

hunting at the CLIC
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