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Outline

e Tevatron.

o Excited Leptons and Quarks.
— 1 (CDF & DO).
- g (D0).
 New Quarks.
— High p; dileptons (CDF).
— Highp; Z's (CDF).
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The Fermilab Tevatron
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Theoretical Overview

o Excited leptons and quarké
— Have the same quantum numbers as known leptons or quarks.

— Occur in compositeness models where the known fermions are bound
states of more fundamental particles which are bound together by a

new strong interaction.
— Have novel interactions due to residual effects of binding force (as do
the known fermions in compositeness models).

 New leptons and quarka
— Have different or new flavor quantum numbers than known fermions.

— May have only ordinary gauge interactions.
— Occur In a variety of theoretical models.
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Compositeness Models

Results in the talk (by both experiments) are interpreted in terms of the
compositeness model of Baur, Spira, & Zerwas (PRD 42, 815, (1990)).

Compositeness models includes the following novel effective

interactions.
agWZ f *

f*

f f

Gauge boson magnetic transitions Four-fermion contact interactions
(analogous to %®Lg)

Strength 1L

L = Compositeness scale.
Additional dimensionless coupling constants are genericallydsr one
(this is assumed in following model dependent resulits).
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Excited Muon Search

e Associated production off and moccurs dominantly via contact
Interaction followed by decay off via photon transition.

go®m m®mmg
Production occurs can occur via D_ecay via dgauge bosor_1 compgtes
. : . with decay via contact interaction
either c_ontact |_nteract|on or depending on mass of-
gauge interaction (generally
contact interaction dominates).
R 1.07
0.81 Cl
Very clean signature with low background. 0.67
Main background is Drell-Yan: 0.4+
Z/g® mmwith radiatedy (ISR, FSR). 0.2 W
Other backgrounds: T
fakeg, diboson Wz Z2) 0 0.5  my#/A L0
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Excited Muon Search (DO) 2 *

Event selection:
*Two high{; isolated muonsp>15 GeV).

*One highp; isolated photonp(>27 GeV).

Data SM
Events | Background
0 0.1740.13

*Mmg200 GeV (varies witin¥ mass hypothesis).

mmmvariant Mass PhotonE;

Mno(Ers>16 GeV)

No excess events over SM background
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Excited Muon Search (DO)

Model Assumptions:
«Contact Interaction and Gauge Boson terms both contribute to pomdant decay
(Cl dominates production).

Cross Section Limit Excluded Region

m. > 688 GeV ifL=m
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Excited Muon Search (CDF)

M,,(GeV) Data SM Bkgd Ngg
Event selection: >0 34 16.6+1.8
*Two highp; isolated muons>20 GeV). >50 22 104+1.1
*One highp; isolated photonp(>25 GeV). >100 4 2.1+0.3
*Mpp< 81 GeV oM ,,> 101 GeV >150 2 0.89+ 0.14
*M,4(3s v_vlndow, depending im¥ mass ~200 0 037+ 007
hypothesis) _
PhotonE; mgnvariant Mass mminvariant Mass

No excess events over SM background
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Excited Muon Search (CDF)

Model Assumptions:
*Production via Contact Interaction, decay via gauge interactio

Cross Section Limit Excluded Region

o

m. > 696 GeV ifL=m_ and decays via Cl are allowgd.
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Excited Quark Search (DO)

e Resonant production of excited quark via gluon-quark fusion, followed
by decay to quark andboson and® ee

q9® g*® qZ4® eg

Event Selection:
*Two highp; isolated electron > 30, 25
GeV)
*One jet E; > 20 GeV)
80 GeV <M_.< 102 GeV
*Final selection usinil., andpr;
(cuts depend oNl,. andG,. hypothesis).

Background:
Main background by far is

SM Z+jet production.
sInstrumental backgrounds
(fake electrons) are very small.
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Excited Quark Search Results

eelnvariant Mass My (GeV) | Data Eventy  Expected s limit (pb,
background 95%CL)

300 31 32.8+2.9 0.25

400 9 7.5%0.8 0.15

500 3 2.9+ 0.8 0.08

600 1 1.6+ 0.6 0.05

700 0 0.64+ 0.06 0.03

Z-jet Invariant Mass Cross Section Limit | \g excess events abojve

expected background

Model limit:
Mg <510 GeV
assumind- =M,

x=L/ Mg
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New Quark Searches (CDF

 New heavy quarks are assumed to have standard flavor quantum numbers
and be pair-produced by the strong interaction.

aa® QQ
e Scenarios are considered where new heavy quarks decay into normal
quark and EW bosons.

Q® g+W, Z, orH

 More specifically, CDF has searched for departures from SM
expectations in the following generic signatures (signature-based
searches).

— Highp;Zs.
— Dileptons €e mmen).
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BPT Model Quarks

* For concreteness, results are interpreted in terms of the model of Bjorken,
Pakvasa, and Tuan (BPT), PRD, 66 (053008), 2002.

 This model includes three additional down-type isosinglet right-handed
heavy quarks (D, S, B) that mix with and decay into the corresponding
right-handed light quarks, plW, Z, andH.

* For the purposes of these analyses, BPT quarks can be thought of as
down-type quarks that decay intZ:H with ratios 2:1:1.
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High p- Z Search (CDF)

Event Selection:
*Two highp; leptons €éeor mm
*66 GeV <M, < 116 GeV

SM sources of higlpy Z's
o/+]ets (major source).
*Dibosons WW, WZ Z2).

Background:
it
*Fakes
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High p; Z Search (Electrons)
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High p; Z Search (Muons)
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High p; Z Search Results

* No excess high; Z’'sover SM expectations. Put upper limit on
anomolousZ cross section.

Expected limit

Expected limit

. — Actual limit
— Actual limit

BPT Model Results
Soo < 0.35 pb foM, = 300 GeV
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Dilepton Search (CDF)

Event Selection:

*Two highp; isolated leptonsg(nor same-sigree mm
*Two jets p; > 50 GeV).

*H. > 400 GeV (control regiohl; < 200 GeV).

Backgrounds:
*Fakes.
o/+]ets e mm
o/®1tt (em).
it

*Dibosons.
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(Control region plots)

July 29, 2006

Dilepton Search

L=929 pb?
Channel | SM Bkgd Signal Data
(300 GeV
BPT quark)
em 29+15 1.9+0.2
SSee mm| 1.5+0.75| 0.9+0.09 0

Soo < 0.40 pb (90% CL)
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Summary

Results presented for the following searches.

— Associated production of exceited muoms&mg).
— Resonant production of excited quargs® q2).

— Excess highp; Z's (BPT quarks).

— Excess dileptons (BPT quarks).

No evidence for non-SM fermions is seen. Limayd
been reported o5 BR, as well as model-dependent
excluded regions.

Both Tevatron experiments have ~1fbf data on tape.
New more sensitive results based on these daté®evill
reported soon.

Data taking has started for Run llb, which is gouery
well so far. Expect48 fb-! of data by 20009.
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