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New physics at TeV scale
— SUSY, ED, Little Higgs, Higgsless - -- 7

Is new physics SUSY 7 - Spin measurement
— linear collider : easy

— hadron collider : difficult

Alternative — look for resonances

— 7', ED, SUSY with Z’ - --
— Degenerate double resonances in MUED

Finding resonances could be discrimination between
different models



Plan
Minimal Universal Extra Dimensions (MUEDs)
Collider phenomenology of MUEDs

Discovery reach for MUEDs : level 1
— 41 + FEr with Level 1 KK

Discovery reach for MUEDs : level 2

— cross sections
— branching fractions
— LHC reach for level 2 gauge bosons

Summary



Minimal Universal Extra Dimensions

UEDs : All SM particles in the bulk!
Appelquist, Cheng, Dobrescu hep-ph/0012100
Minimal model : d=4+1, ED compactified on Sl/Z2
Symmetries
— Z5 : project out unwanted zero modes and introduce chiral
fermions in 5D
— KK number : broken down to KK parity
(—1)" = Lightest KK particle is stable
KK towers for each SM particle
— identical spins/couplings as the SM particles
— unknown masses of order of n/ R
The model is very predictive : {R, A, mp}
EW constraints Appelquist, Cheng, Dobrescu hep-ph/0012100
Appelquist, Yee hep-ph/0211023
— no effect at tree level due to KK parity
— R! > 250GeV

Cosmological bound Servant, Tait hep-ph/0206071
- Qh” < 0.129
- R'<0O)TeV
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Collider phenomenology of
MUEDs

(Cheng, Matchev, Schmaltz, hep-ph/0205314)

1st Level looks like SUSY

KK gluon : BR(g1 — @Q1Q0) = BR(g91 — qiq0) ~ 0.5
SU(2) singlet KK quarks : g1 — Y190

SU(2) doublet KK quarks : Q1 — W1Qy or Z1Q)

KK W and Z bosons : only leptonic decays

KK leptons : 100 % directly to LKP

At hadron collider we want : strong production and weak
decays

Weinberg angles for KK small : Z; ~ W and v; ~ B
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Production of level 2 bosons

e Pair produce two level 1 KK or produce one level 2 KK

e 200 coupling is loop-suppressed
(Cheng, Matchev, Schmaltz, hep-ph/0204342, hep-ph/0205314)

e Each dot satisfies KK number conservation



Level 2 gauge bosons : g

e Look for the higher KK levels : e.g. g2 resonance

q0 a2 a0 a1 40 q0
90 90 90 q1 d0 90
(Datta, Kong, Matchev, Preliminary)
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e high mass dijet resonance. Z’



Level 2 gauge bosons : Z;

® Z> has no hadronic decays to level 2 or 1

q0 ly q0 l q0

(Datta, Kong, Matchev, Preliminary)
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® /> also a dijet resonance. Zy — [0~ rare but allowed



Level 2 gauge bosons : v,

® -~ cannot decay to level 2 or 1. The only possibility :
90 fo

72

a0 fo

(Datta, Kong, Matchev, Preliminary)
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e Unfortunately, small leptonic branching fractions
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L (fb™h)

Discovery reach for MUEDs at LHC in
dilepton channel

(Datta, Kong, Matchev, Preliminary)
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o |p:| > 20GeV, |n| <24
e I',+,— & mass resolution
- 'y, < 1 GeV K mass resolution

o |Mpt— — My,| < 2D+ -
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Discovery reach for MUEDS at LHC in
dilepton channel

(Datta, Kong, Matchev, Preliminary)
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* VL= os(pp—Vo+X)z-e+0s(pp—VaVo+X)[22(1—(1—€)2)+2z(1—x)€]
o = BR(Vz — 1717)

o |p:| > 20GeV, |n| <24

o |Mpt— — My,| < 2D+ -

e I' + — = Mass resolution ( I'y;, < 1GeV")

e For Tevatron, 4 leptons 4+ missing E7 channel is better



Can we distinguish v, and 7, ?

(Datta, Kong, Matchev, Preliminary)
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(Cheng, Matchev, Schmaltz, hep-ph/0204342)
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e 3.6 % mass resolution in dimuon channel for 1 TeV mass
e For R~ = 500GeV

— Tops = 36 GeV for M,,, = 1000.4 GeV
— Dop; = 37.6 GeV for Mz, = 1045.7 GeV

e Narrow peaks are smeared due to the mass resolution



Can we distinguish v, and 7, ?

(Datta, Kong, Matchev, Preliminary)
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e 1 % mass resolution in dielectron channel for 1 TeV mass
e For R~ = 500GeV

- Feff = 10 GeV for M,y2 = 1000.4 GeV

- Feff = 10.5 GeV for ]\422 = 1045.7 GeV

+

e [wo resonances can be resolved in e e~ channel



Summary

Reach for R™" in 41 + B

- ~ 250 — 300 GeV at Run Il ?
— ~ 1.5 TeV at LHC (100 fb71)
Reach for R~ in dilepton channel
— ~1TeVinete (100fb7 1)

— including indirect channels

LHC can cover most of cosmologically allowed parameter space
Difference between SUSY and MUED

Degenerate double resonances

— Z' 7?7 : accidental
— clear indication of MUED : two degenerate resonances
— ete™ channel can resolve two gaussian peaks with 1%

mass resolution



