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The SM, as we know it today, is not a complete theory:

W W First priority at the LHC:
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> L What unitarize it ?
m4

W
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Asin TTT — T, a strong sector

Higgs
Technicolor: repetition of Supersymmetry needed
QCD at m, ~1TeV for naturalness

(hierarchy problem)



Expected physics before LHC

I. Technicolor:

® No new particles were expected at LEP or lTevatron
e [ixpected deviations from the SM predictions:

The particle that unitarize the WW amplitudes
(in the "hadron” description) m, ~ 1 TeV

o

generates a tree-level effect on the self-energy of
the SM gauge bosons

0
%4 /\/\ﬁW/\//V\/y B Effects not seen at LEP!



I1. Supersymmetry:

® No deviations from SM predictions
(effects at the loop level)
® New particles were expected at LEP/Tevatron
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Example of how But Not seen!

much is ruled out 3 _
after LEP/Tevatron \ Mp=180 GeV
(MS SM with \ '

universal masses)
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Only the thin “withe spike” is left!
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A 3rd way is possible: explored in the recent years

There is a Higgs but it is not elementary: it is composite particle

WW unitarity: h

light H P
ﬁ = E»ﬁjt M+

partly
unitarize!

H is“almost” a Higgs ( its couplings deviate from a point-like scalar)

What we gain?

heavy states [ are needed to unitarize WW at an energy slightly higher
that 1TeV so they can have bigger masses and give smaller effects on the
self-energies of the SM gauge bosons



1st important question:
Why the Higgs mass will be smaller than 17, ?

Higgs can appear as a Pseudo-Goldstone boson from a “strong” sector

global symmetry breaking: G — H
example: SO(5) —» SO(4)

4 Goldstones= a doublet of SU(2) = Higgs

Higgs Mass protected by the global G-symmetry



Explicit examples:

® thtle nggs Arkani-Hamed, Cohen, Katz, Nelson

® Holographic Higgs: Extra dimensions  ‘sashe Contino. AP

Predictive models!

details given
by request

My interest here:
general properties of the low-energy effective
theory arising from these class of models

N

the equivalent of the chiral lagrangian in QCD



Generically:
LSM(fa A,u) + LBSM<H7 P, ) + Lint

symmetries:  SM Group G — H G-breaking
eg. SO5) — SOl Lerms
parameters: gsm 9p gsm
9p
9o =2 gsMm l

f = decay constant responsible for

Physics of two scales:

™m o = “hadron” mass V{H/A)

and Yukawas

(H)=v~ f

general relation:

— My >0V

Heavy states ~ 2-4'TeV



Physics below m,

Effective theory after integrating out the heavy states:

Lsvou +  higher dimensional operators

N\

what are they?



Parametric counting for the higher-dim operator’s coefficients:

TREE-LEVEL.:
leading: (75 L 2)2
H W H e.g. F(aﬂbH )
H/f H/f
ing: !
subleading /\W\’ e.g. —Q(HTD“H) (6”/B,u1/)
m
P p
ONE-LOOP:
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e.g. those suppressed by the Golstone symmetry J 5 J 5 H'H G n GH
167 m




DIMENSION-6 OPERATORS

leading:
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yarameter
CeA CyY - cr =0 if the
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The rest, not tested yet!
subleading:
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Tested by EWPT at LEP!
one-loop:
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Contribution to the coefficients of the dim-6
operators from explicit models:

Holographic Higgs

Extra dim Littlest Higgs
cT 0 -1/16
CH | /4
Cy |
Cq 0

41
From EWPT at LEP: m, > 2 TeV —> f > 200 GeV <9_>
0



Implications: definite modifications of Higgs couplings
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Deviations from the SM:
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Visible at LHC?
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..certainly if they are of order 20-40%

ILC would be a perfect machine to test these scenarios:
effects could be measured up to a few %



Best test of composite Higgs: WW-scattering

g 44
44
even that the Higgs is light,
W it grows with s

. S 11,74

A(20Z0 — WiW) = A(WSW, — 2929) = —A (WEWE - WEWFE) = C}‘f—j
A(W*2y — W2y = Cfit AWLW, = WiW,) = CH(? 23
A(Z)z) — Z)Z)) =o.
Difficult to see. From Higgsless studies e
. . , (
possible to see if (., o on

f2



2 Higgs-production also grows with s:

A(Z2079 — hh) = A (W;W; — hh) = (jjfj—;

Challenging!



Indirect vs Direct measurements

Indirect: Deviations from SM Higgs

Direct: Detection of heavy particles

Since TN, = ( pf , the larger (g, ,the more difficult

to detect the heavy particles

Heavy particles
My o TeV out of reach at LHC

(’U/f)2 ~ (.2  Possible to see
at least at 11.C

Maximal coupling: g, = 4 {

Complementarity between Indirect and Direct searches
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Conclusions

If at LHC...
No Higgs »  look for strong WW-scattering
Ligh Higgs » look for supersymmetry

.. but also, it is possible:

Ligh Higgs » not look for supersymmetry, but

for strong W W-scattering

Higgs can be composite (strongly-interacting).
I presented the most general effective theory arising from this scenario

» useful to know where to expect deviations from a SM Higgs

® Precise effects on Higgs decays, strong WW —> hh

® Complementary to heavy states searches: p = W',t',...



