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Motivation

e EW Symmetry is a broken gauged chiral
symmetry of the standard model fermions.
o cf

— QCD dynamically breaks chiral symmetry
of quarks (Qr.QRr)

— Gauged QED is broken by dynamical

formation of (¢”e™) in superconductors

e EW Symmetry may also be broken by a
dynamically generated fermion condensate!

Log running solves hierarchy
problem




Fine Tuning

Expect quantum corrections to higgs mass
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Mass determines symmetry breaking scale so

must fine tune bare mass
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The End Of the World Is Nigh

How much fine tuning is too much?
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Triviality
Were a heavy higgs found we would be forced to
consider strong interactions since A¢? ...
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mp, < 180GeV, Ayy as large as Apranck

mp > 180GeV, Ayy < Apianck plus strong coupling
mp, > 500GeV, strong coupling at Ayy < 107TeV!




Experimental Searches - Indirect

The higgs can also be detected from its effects in
radiative corrections to the Standard Model

The major source of corrections is from Oblique
Corrections:
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There are in fact just 3 quantities that ever enter
observables - S,T,(U)

S == —87Tﬁﬂgy|0

T = =2+ (I131(0) — II33(0))
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Contributions to observables are listed in eg

Burgess, London et al hep-ph/9312291

Higgs mass dependence messy (logarithmic) - see
eg Hagiwara et al - hep-ph/9706331.

One can now do a x? fit to the data....




Fitting S and T

Given contributions of S and T to shifts in SM
variables, best fit point and data —

x*(S,T)

Compare to 95% confidence limit for S, T
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S, T values for varying m; plotted

— my < 212GeV




Are These Limits On The Higgs Fair?

e The Higgs is an effective theory.
e The cut off could be as low as 1TeV!

e myp > 500GeV strongly coupled at
A <10TeV

At A should include all higher dimension
operators suppressed by A...

Two dimension 6 operators are of interest
— 5%z {[Dyw, Do)} [D#, D¥]g

Contributes to S (¢°W4' BH)

b (457 DF ¢) (61 D, ¢)

Contributes to T ({¢) breaks custodial isospin)




How Big Are a and b?
1) Perturbative

If theory above A is perturbative these terms are

generated by new interactions of higgs

\\\\ /,,’ 2
« g 7
M?2

Contributions to S, T for |al, |bk?| < 1.
If A <5TeV any mj compatible with data.




2) Strong Coupling

Learning from QCD: there is extra scale

2

Naive Dimensional Analysis: extra ¢s in £

suppressed by fr.
a,b~1, k? ~ (47)?

But... QCD does not violate custodial isospin
e (¢) = ((au,dd)) = (1,1) —b=0
BUT.. the EW theory MUST violate custodial

1sospin - my > mp

top

.~ suppressed by gQYt ~ &

strong

b~1 k2 ~ A7

Bigger T' than perturbative theory!




Natural Scale of New Physics

T contributions so large that strongly coupled
theory at A = 1T eV requires unnatural fine

tuning!

mp, = 200 GeV mp, = 300 GeV
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The value of bk compatible with the precision bounds as a function of A
for different values of myj . The blocked off area in the last plot is
forbidden by triviality. The values of cut off on the x axis varies

logarithmically between 2500 — 25000 GeV.

Higgs mass up to 500 GeV in theory with cut oft
of 10 TeV appears natural.
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mp Bounds Including T

myp, — Aty — minimum T contribution
(bk? = 47, 47?)

m,,—AT limits
excluded by
direct search
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excluded by
triviality

400
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Can also plot S-T trajectory including triviality

corrections (assuming +ve bx? = 4r)
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Models of a Composite Higgs
Composite higgs boson abound:

e Top Condensation (Nambu)

A new top interaction Z=trtrtrtL

My

@ (At large N )

K/M 2

Predicts me ~ 250+ GeV
mp ~ 2my
e Top Seesaw (Dobrescu, Hill)
Introduces extra singlets so m; ~ anything.
e Flavour Univeral Seesaw (Burdman, NE)

All SM fermions contribute to higgs sector — all

fermions can acquire masses.

mp, ~ 350 GeV
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A Light Composite Higgs

eg Georgi’s Vacuum Misalignment model....

Phys. Lett. B136 183 (1984)

Strongly interacting gauge theory produces

1 UR
(urdrsr) ' dr

SR
SU(2), broken at scale sy F);

Misalignment induced by new physics.

Higgs is the “K°” and its mass can be arranged
to be

0<my <3 TeV
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Flavourons at the Tevatron

These models need new interactions.... gauging
the flavour symmetries of SM fermions is natural
since the higgs must give them mass....
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familon Drell-Yan prod

a>/w<u 7 (SU(12))

1TeV

do/dMy [pb/GeV]

Run 2 limit expectations > 4TeV

(Cross sections from: Phys. Rev. D62 075007
(2000): hep-ph /0005098 )
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