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Technicolor — Search Channels — Results

T now at The University of lowa
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- Large Electron Positron Collider

1998-2000 : /s = 189 — 209 GeV
Four experiments
Together [£ ~ 2500 pb~"
40000 WW, 1200 ZZ
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- Electroweak Symmetry Breaking

® Electroweak symmetry
IS broken

» Dynamical EWSB
» Spontaneous EWSB
®» Technicolor

» Extended Technicolor

$» Unitarity violation in
W, scattering

® SM is based on local gauge
Invariance

$» Gauge symmetry conserved
only for massless particles

®» W and Z bosons massive
— gauge symmetry is broken
® Two popular approaches:
# Dynamical EWSB
(e.qg. QCD)
# Spontaneous EWSB
(e.g. Higgs mechanism)
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- Electroweak Symmetry Breaking

®» Electroweak symmetry
IS broken

® Vacuum: Chiral pairs of quarks

e

® Dynamical EWSB
$® Strong condensates () break

» Spontaneous EWSB chiral symmetry

® Effective boson masses

$ Technicolor through interactions

T
W -8 -—

fr Jr
® From QCD: mw ~ 30MeV

» Extended Technicolor

$» Unitarity violation in
W, scattering
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- Electroweak Symmetry Breaking

®» Electroweak symmetry
IS broken

» Dynamical EWSB
$® Spontaneous EWSB
®» Technicolor

» Extended Technicolor

$» Unitarity violation in
W, scattering

$® Broken vacuum symmetry
A V(D)

® Predicts new scalars
(e.g. SM Higgs boson)
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- Electroweak Symmetry Breaking

®» Electroweak symmetry
IS broken

» Dynamical EWSB
» Spontaneous EWSB
® Technicolor

» Extended Technicolor

$» Unitarity violation in
W, scattering

® In favor of dynamical EWSB:
» No fundamental scalars

# Dynamical origin
= No hierarchy problem
= No fine-tuning needed

® Technicolor:

# New strong interaction
with f. ~ v
#® Plus new TC-fermions F
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- Electroweak Symmetry Breaking

®» Electroweak symmetry

is broken $» Higgs mechanism:
Fermion masses via Yukawa
» Dynamical EWSB couplings with Higgs field

® Extended Technicolor:
Yet another interaction, couples

_ SM and TC fermions
» Technicolor e

® Extended Technicolor ZE ai
f f

VETC

» Spontaneous EWSB

$» Unitarity violation in
W, scattering
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- Electroweak Symmetry Breaking

®» Electroweak symmetry
IS broken

» Dynamical EWSB
» Spontaneous EWSB
®» Technicolor

» Extended Technicolor

® Unitarity violation in
W, scattering

W, scattering violates unitarity

at high energies

Two ways out:

# Additional scalar particles
with proper couplings

o Strong W-interaction

Technicolor:

Exchange of vector states pr,

yields anomalous contributions
to TGC's
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Measure TGC’'s in
ete” > WW

Fit form factor Frr

Constrain pr mass and width

M? —i'M
M? — s —iI'M

Fr =

ALEPH, /s = 183 — 209 GeV,
[£ =683pb~"

- Anomalous Couplings

ALEPH, CERN-PH-EP/2004-065

Im(F;)

0 0 200 400 600 800 1000 1200 1400 1600 1800

M, (GeV)
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. Effective Model: TCSM

® Particle spectrum

® Production processes ® QCD: 7%0, p*9
® Technicolor:
® Decays [IIT) = sin x [W;) + cos x |nT)
Vector state pr
» Signatures at LEP #® Mixing angle
#» Enhancement of SM cross siny = 1/v/Np
sections
| | | ®» Np > 1favoredto
» Hadronic or semi-leptonic avoid large FCNC
4-fermion

# Two jets plus photon
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. Effective Model: TCSM

>

9

Particle spectrum

Production processes

Decays

Signatures at LEP

>

Enhancement of SM cross
sections

Hadronic or semi-leptonic
4-fermion

Two jets plus photon

® \ector states:
s-channel production through
propagator mixing

e~ X
Z*
U pT
et X

® Scalar states: pair-wise
e~ Il
et Iy
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. Effective Model: TCSM

®» Particle spectrum

®» Production processes

® Decays

» Signatures at LEP

>

Enhancement of SM cross
sections

Hadronic or semi-leptonic
4-fermion

Two jets plus photon

pt decays via Technicolor
pt — 7T, Tt Wi, Wi W,

pt decays via weak int.
pr = Wymr, Zymr, ymr, f

7wt decays via ETC
mr — bC, bu
73 — bb
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. Effective Model: TCSM

®» Particle spectrum ® ecte o WiWo
ete™ — ff
®» Production processes

Run:event 12177: 3751 Ctrk(N= 61 Sump=170.0) Ecal(N= 50 SumE= 77.4)
Ebeam 99.94 Vix ( -.04, .05, .28) Heal(N=23 SumE= 68.7) Mybn(N= 4)

» Decays

$» Signatures at LEP

® Enhancement of SM cross
sections

#» Hadronic or semi-leptonic
4-fermion

# Two jets plus photon
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. Effective Model: TCSM

» Particle spectrum ® cte” — mpwr — bgbg
ete” — W — bqqq, bqlv

®» Production processes

Run:event 12177: 5252 Ctrk(N= 54 Sump=108.0) Ecal(N= 73 SumE=129.1)
Ebeam 99.95 Vtx ( —.04, .06, .42) Heal(N=33 SumE= 46.2) Muon(N= 0)

@

» Decays

$» Signatures at LEP

» Enhancement of SM cross
sections

# Hadronic or semi-leptonic
4-fermion

# Two jets plus photon
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. Effective Model: TCSM

®» Particle spectrum _
® cte” - w3y — bby

®» Production processes

Run:event 12177: 2027 Ctrk(N= 39 Sump= 74.7) Ecal(N= 54 SumE=179.4)
Ebeam 99.87 Vtx ( —.03, .06, .17) Hcal(N= 6 SumE= 2.1) Muon(N= 0)

B

» Decays

$» Signatures at LEP

» Enhancement of SM cross
sections

#» Hadronic or semi-leptonic
4-fermion

o Two jets plus photon
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- Direct Search Limits

$® DELPHI, EPJ C22 (2001) ® OPAL, PN485 (2001)
192 — 209 GeV, 450 pb~! 205 — 209 GeV, 210pb ™+
DELPHI
3120 e % +e_*e'a(rL)rnT;nTWL E 140 OPAL Preliminary A
~ ee -py): M ; ~
£ | / ) L_Jpr~hadrons = W9y - bby M, =200GeV
g / e, - WW, = ] T v
' 120 8% Ondy-bbym,=100Gev ]
100 | ‘ S v Br iz - bgbg ]
100 |
7 -
80 / 80 _
: 60
60 250 300 350 400 450 500 550 600

150 200 250 300 350 / 42100
M GeV
(py) [GeVic?] m,, [GeV]
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- Direct Search Limits

® OPAL, PN485 (2001)
205 — 209 GeV, 210 pb~*

Ongoing improvement at OPAL

® Extend data set

_ T 140 OPAL Preliminary -
® Include 77W — 4jets O, . )
= B %y bby M, =200GeV
® Similar topology to £ 120 [m0y-. bby M, =100GeV
TTTT — 4jets — 100 l"? M - babq
overlap of event candidates
® Likelihood based 80

event-by-event separation “

250 300 350 400 450 500 550 600
m,,, [GeV]
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- Direct Search Limits

® OPAL, expected improvement
189 — 209 GeV, 570 pb ™"

Ongoing improvement at OPAL

® Extend data set

— LA I L L L L
_ D 140 OPAL Preliminary -
® Include 7tW — 4jets O . i ]
= B0y bby M, =200GeV
® Similar topology to £ 120 [0y- bby M, =100GeV
mrmr — 4jets = 100 Or; m; - babg
overlap of event candidates
® Likelihood based 80

event-by-event separation -~

250 300 350 400 450 500 550 600
m,, [GeV]

Niels Meyer, Lake Louise Winter Institute, 22. Feb. 2005 — p.6



® Different TC schemes tested at LEP
# Strong interaction in W-scattering

# Direct searches using QCD-inspired model
® No evidence found, mass limits placed on 7t and pr
® Final results published by ALEPH and DELPHI

® OPAL analysis to be finalized very soon
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