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| 1 — Introduction |

e Many models of new physics predict new particles with masthen
TeV range which decay intoa pair:

[]

topcolor and Little Higgs models predict weakly coupled new-
tor bosons

ED models can have Kaluza-Klein (KK) excitations of the gra
ton, the weak and strong gauge bosons

axial vector bosons appear in torsion gravity models

resonances in the channel also appear in technicolor, chiral colc
and models with a stron§U (3) x SU (3) gauge symmetry
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e In some models, the couplings of the new particles to lighdrigs
and gluons are suppressed, and thénal state becomes their mai
discovery channel
Example:bulk Randall-Sundrum models

e Searching for resonances in thechannel at the LHC appears to b
easy.

[0 Select lepton+iets final statée — W+W ~bb — fvqq’ bb

(£ =e, p)

Impose standard selection criteria:

[] electron or muon

[] missingEr

[] two b-tagged jets

[] two or more jets which are not tagged

[] standardyr, rapidity and separation cuts
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Solve for longitudinal momentum of the assuming lepton and
neutrino originate fronWW — /(v

reconstructt invariant massyn(tt)

This works well for low invariant masses, but not in the TeYion
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‘ 2 —Why Standard Cuts won'’t cut it I

e Problemsat highp and/ortt invariant masses:

[] top quark decay products are highly boostédlmost collinear
lepton frequently not isolated
jets fromt — bj 7 often overlap or merge
frequently there are less than 4 observable jets in the ftatd s

the b-tagging efficiency may be significantly smaller, and thétig
jet misidentification probabilities considerably larghah at low
energies:

ATLAS study. for m(tt) = 3 TeV:e, = 0.2, P, ~ 1/30

e consider final states with 2, 3 or 4 jets and one or twags
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‘ 3 — Background Analysisl

e Main backgrounds contributing t + n jet final state withn =
2, 3, 4:
[0 Wbb+ m jet productionfn =0, 1, 2)

0 (Wb+ Wb)j + m jets

[ W35+ mjets

[ (tb+ tb) + m jets and(t + t)j + m jets witht — blv
1 Whbt, Wt andW jt production witht — b7

e TheWbb+ m jets andiV jj + m jets background are calculated wit
ALPGEN; all others withMADEVENT
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e Reduce background by imposing a cluster transverse mass cut

iz (bminf) — ma| < 20 GeV

where

2

P1 (bmint) (M(bninf)): tr. momentum (invariant mass) 6f,;,¢ sys-
tem

bmin. b- OF b-quark with the smaller separation from the charged lep-
ton

e Further reduce background by imposing

Im(t — jet(s)) — me| < 20 GeV

on jets from hadronic top decay
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‘4 — KK gluons: Discovery Limitsl

e Models considered here;
[] basic RS model with the SM in the bulkillie et al.)

[ models with a large brane kinetic terrr;r (Davoudiasl| et al.,
Carena et a).

[1 a model withSO(5) x U(1)x bulk gauge symmetry anly = 0
or N = 1 additional KK custodial partner quarks which are lig
enough thatz can decay into them

e the KK gluons of these models couple uniformly to left-hahadad
right-handed light quarkg = u, d, s, ¢

e they donotcouple vector-like to the quarks of the third generation

Ulrich Baur Pheno08 04/28/08



e include full spin correlations and interference with SMamplitude
In calculation of KK gluon cross section

e couplings:

Model g4 9% = g% g%

Basic RS —0.2g; Js —0.2g5

KrIR = O —0.4g; —0.295 —0.4g;

krir = 20 —0.8gs —0.695 —0.8¢5

SO(5) —0.2gs 2.76g,  —0.2g,
gs. QCD coupling constant

In the basic RS andO(5) model the coupling to light quarks are
suppressed
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e for comparison, include g of Littlest Higgs model withcot 6 = 1

m(tt) distribution:

10_5 T T T T T T T T T T T T |

5 R : pp-tt>{v+n jets

basic RS tt Vs = 14 TeV

Crir=95 reconstr. m(tt)

106
5 . . _S0(5) N=0 tt

3000
m(tt) (GeV)

e The background will substantially impact the search for Koms
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pr(t — blv) distribution:
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e Background is significantly smaller than for(¢t) distribution

e drawback ofp distribution: information from longitudinal compo-
nent is lost
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Deriving Discovery Limits

e Use log-likelihood test to derives discovery limits
e Combinem(tt) andpr(t) distributions to derive discovery limits

e for comparison, we also list limits far'y boson (withcot 6 = 1) and
KK graviton in basic bulk RS modeF(tzpatrick et al)

limit 300 fb~*

Model

limit 100 fbo~*

Basic RS
KTITR = D
krrr = 20

SO(5), N =0
SO(5), N =1
ZH
KK graviton

3.8 TeV
3.4 TeV
3.5TeV
3.4 TeV
2.4 TeV
2.6 TeV
1.3 TeV

4.3 TeV
3.9 TeV
4.1 TeV
4.0 TeV
3.0 TeV
2.8 TeV
1.4 TeV
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Discriminating KK Gluon Models

e One can also ask how well the LHC will be able to discriminage b
tween various KK gluon models

e Example:Ms = 3 TeV, assume 100 fb'

e construct “discrimination matrix” (symmetric in limit oflge statis-
tics)
SO(5) SO(5)
N=0 N=1
basic RS 0.00 6.10 10.50 3.1c 7.50
KrIp = 9 0.00 5.20 4.30 7.30
krir = 20 0.00 7.80 9.90
SO(5),N =0 0.00  4.80
SO(5), N =1 0.00

Model basicRS krjr =5 krrp =20
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| 5— Conclusiong

Searching for new physics in thiefinal state in the TeV region poses
a number of problems

because of low-tagging efficiency need to include final states wit
oneb-tag[] background increases

because of merging/overlapping jets need to include firzéstwith
two and three jets

with cluster transverse mass and invariant mass cuts bagkds can
be suppressed to a manageable level

background for the distribution is smaller than fom (¢t) distribu-
tion

can discover KK gluons it¥ final state with mass up 5 — 4.3 TeV
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