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Effective Lagrangian
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e Adding the gauge/fermions kinetic terms, this gives a
description of all the degrees of freedom seen so far.
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e Gauge Group : SU(2). x U(1)y — U(1)em
@ Approximate Global Symmetry : SU(2), x SU(2)r — SU(2)y
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I> protect the ratio p = % =1
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m?% cos Oy

> Broken only by g’ and A} — )\g
> = 3 goldstones: U = exp (io?m(x)/v), U — g Ugk

Effective Lagrangian

. u, U)
V2 T v —(i)*(’) )\i'uR
L="Tr (DHU(D“U) ) T <uL dt > U A,é’.dg)

DU =0,U—ig5W3U+ig’U%B,, My — v = 246GeV

e Adding the gauge/fermions kinetic terms, this gives a
description of all the degrees of freedom seen so far.
@ It allows perturbative computations up to 3 TeV.
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Unitarity and Chiral EW Lagrangian

o Unitarity

> Partial wave decomposition : A = 167 2(2/ + 1)Py(cosb)a,
1=0
> Unitarity — optical theorem : ¢ = 1Im[.A(6 = 0)]

= |a]® = Im(a)) = |Re(a))| < }

e Equivalence theorem:

()(/‘.]

o WW longitudinal scattering:
i v
- |Re(a0)| < 5 = /s S 1.7TeV
-~ All channels (WW, ZZ , ZW)

= /s <1.2TeV
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ElectroWeak Precision Tests

@ Parametrization of Oblique Radiative Corrections:
ni, = —ig,, [n,-j(o) + g2T1}(0) + } + q,.q, terms
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ElectroWeak Precision Tests

@ Parametrization of Oblique Radiative Corrections:
ni, = —ig,, [n,-j(o) + g2T1}(0) + } + q,.q, terms

> ga=—3(1+50), > e =Ap
> g =1-48°(1+ Ak, > o = By Dp+ AW 0@ AK
(1o My\My - e 2 Wz ) 2 /
M2 ) MZ T \2GrM2(1—Arw) > €3 =y Ap+ (ciy — sy) Ak
o Usefull decomposition for Heavy Models (Mpewphysics >> Mz):
€ = € + J¢;

> e = W (Breaking of custodial symmetry)

w
> e = __(0) — N33(0) (idem+higher order in derivatives — negligible)
> e3 = Z—:I’IQB(O)

de; — higher orders in derivatives (dominated by Z,W loops)

Axel Orgogozo - LPTENS Higgsless models and EWPT



ElectroWeak Precision Tests

@ Parametrization of Oblique Radiative Corrections:
ni, = —ig,, [n,-j(o) + g2T1}(0) + } + q,.q, terms

> ga=—3(1+%2), > e =Ap
8 — 1 _ 2 /
> g: =1-4s°(1+ AK'), > € = Clz/VAer z%é?é; — 25l2/VAk/
M2\ ME,
> (1 - V?) Vév = ﬁGFMgEXl—ArW) > e3 = cjyDp + (cfy — sy ) AK

o Usefull decomposition for Heavy Models (Mpewphysics >> Mz):
€ = e + 0€;
> e = W (Breaking of custodial symmetry)
> e = |_|’+_(OV)V— M55(0) (idem+higher order in derivatives — negligible)
> & %HQB(O)
de; — higher orders in derivatives (dominated by Z,W loops)
e S and T parameters:
> 5 =e3— MmN
> T = Mm) " e — M (mi)
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EWPT and Chiral EW Lagrangian

68%, 95%, 99% Confidence Level ellipses:

o
o @ € ~ —327r2 Iog L —|— cst
g ® €3~ 962Iog——i—cst
A i
y ; = Bad fit to EWPT...
TTTTE e TS
10%;
Unitarity and the EWPT need to be fixed
= New Physics at the TeV scale J
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Minimal modification :add a scalar

Let's add a scalar under SU(2), x SU(2)r (global) and
SU(2)L x U(1)y (local):

Effective Lagrangian at O(p?)

2 2
(2) Y~ 't B g
c 4Tr(D#U(D U))<1+2av+bv2—|—...

: )
v }: (i) (i) AjUR h
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The Higgs and Unitarity

WW scattering (elastic + inelastic):

X + < BA~N(I-d) G+ (sert)

(b—a)

N h
\ w/
’ J\
7
h
o
N
N
7
Ur
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The Higgs and Unitarity

WW scattering (elastic + inelastic):

x4 > sA~—ds+ o

N b h
\ /
+ = A~ (b—a®)5
’ J\
’ -
h h

h

" )
N EEN VL
N N\
4 h = A~ (1—ac)™e
7 7
7 7
Ur YR

@ Cancelation of the growth with s fora=b=c=1.
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The Higgs and Unitarity

WW scattering (elastic + inelastic):

x4 > sA~—ds+ o

N b h
\ /
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h

" )
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N N\
4 h = A~ (1—ac)™e
7 7
7 7
Ur YR

@ Cancelation of the growth with s fora=b=c=1.

s>>mp 2 . TR
® a0 —  —g. Unitarity restored up to arbitrarily high scales

as long as my < 700 GeV.
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The Higgs and Unitarity

WW scattering (elastic + inelastic):

N 7/ N 7/
N 7/ N J 7
X + L S A~(-d)S (st
7/ A 7/ N\
/7 N / N

N b h
\ /
+ = A~ (b—a®)5
’ J\
’ -
h h

h

" )
N EEN VL
N N\
4 h = A~ (1—ac)™e
7 7
7 7
Ur YR

@ Cancelation of the growth with s fora=b=c=1.

s>>mp 2 . TR
® a0 —  —g. Unitarity restored up to arbitrarily high scales

as long as my < 700 GeV.

0
. . . . _ i
@ This is just the standard model Higgs... H = \@U < v h )
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The Higgs and Unitarity

WW scattering (elastic + inelastic):

N 7/ N 7/
N 7/ N J 7
X + L S A~(-d)S (st
7/ A 7/ N\
/7 N / N

N b h
\ /
+ = A~ (b—ad’)5
’ J\
’ -
h h

h

" )
N EEN VL
N N\
4 h = A~ (1—ac)™e
7 7
7 7
Ur YR

Cancelation of the growth with s fora=b=c=1.

s>>mp 2 . TR
® a0 —  —g. Unitarity restored up to arbitrarily high scales

as long as my < 700 GeV.

0
. . . . _ i
@ This is just the standard model Higgs... H = \@U v h
o For different values for a,b,c = Composite Higgs, SUSY...
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SM Higgs and EWPT

For a=1:
oF
mz<m
‘73 0 ¢ ‘~P 3%2 log T 2+ cst
mz<<mh
0 6 : @ €3 ~ 967‘(‘2 |Og % -+ CSt,
S5 L 115GeV :
250GeV @ A has been replaced by my
4 500 GeV
3 1Tev
2k

2 3 4 5 6 7 8 9
10%;
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SM Higgs and EWPT

For a = 1:
or
8
7
mﬂe ¢ .
S5 [ 215GeV
250 GeV
4 500 GeV
3 1TeV
b
2 3 4 5 6 7 8 9

10%;

mz<m

0 ¢ ‘~P 3%2 Iog +cst
mz<m

ez ‘NP 967T2 log & —|— cst’

@ A has been replaced by mp

@ For a low higgs mass (mp < 200GeV), the SM Higgs model

agrees with EWPT.
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SM Higgs and EWPT

For a=1:
oF
mz<m
‘73 0 ¢ ‘~P 327r2 log T 2+ cst
mz<m
m;G : @ €3 ZN h 967‘(‘2 |Og + CSt,
S5 L 115GeV :
e z h
250 Gev @ A has been replaced by m
4 500 GeV
3 1Tev
2k

5SS e T 8 s
10%;
@ For a low higgs mass (mp < 200GeV), the SM Higgs model
agrees with EWPT.
o Fora#1: Ae13 = $327r2(1—a )Iogm N = \/%
mp =125GeV = 0.84 < a®> < 1.4
[Azatov, Contino,Galloway,2012]
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Hierarchy Problem

@ Radiative corrections to my:

7 , ' W, 2.1
! W.Z. ! I RN
...... Oy e e
. ’
- .
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Hierarchy Problem

@ Radiative corrections to my:

0 2
° m% ~ (mg ))2 + 83r/2\v2 [m,% + 2mf/v + m% — 4mﬂ

Axel Orgogozo - LPTENS Higgsless models and EWPT



Hierarchy Problem

@ Radiative corrections to my:

0 2
o m?~ (mg ))2 + 83r/2\v2 [m,% +2m?, + m% — 4mﬂ

e Higgs mass small (Unitarity and EWPT) = Needs a fine
tuning between m%o) and the cutoff (Mpjanck?)
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@ Hierarchy too big and unnatural = Need a mechanism to
have a naturally small Higgs mass, or more generally to
stabilize the EW scale.
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Hierarchy Problem

Radiative corrections to my:

0 2
m2 ~ (mg ))2 + 83r/2\v2 [m,% +2m?, + m% — 4mﬂ
Higgs mass small (Unitarity and EWPT) = Needs a fine
tuning between m%o) and the cutoff (Mpjanck?)

Hierarchy too big and unnatural = Need a mechanism to
have a naturally small Higgs mass, or more generally to
stabilize the EW scale.

Solutions: SUSY, Composite Higgs, Technicolor...

| will now focus on the Technicolor scenario.
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Chiral symmetry breaking in QCD

@ massless QCD with two flavors ¢ = ( s, ):

L =iy =i+ PribvR
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Chiral symmetry breaking in QCD

@ massless QCD with two flavors ¢ = ( s, ):
L =iy =i + PriPyr

e global symmetry: G = SU(2), x SU(2)r

o At Agcp, quark condensates form: <@Rzm + h.c.> #0=G
broken to SU(2)v
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Chiral symmetry breaking in QCD
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L =i =i+ riDUr
e global symmetry: G = SU(2), x SU(2)r
o At Agcp, quark condensates form: <@Rzm + h.c.> #0=G

broken to SU(2)v

@ exactly the symmetry breaking pattern we want for the EW
sector! And Agcp < Ayy
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e global symmetry: G = SU(2), x SU(2)r

o At Agcp, quark condensates form: <@Rzm + h.c.> #0=G
broken to SU(2)v

@ exactly the symmetry breaking pattern we want for the EW
sector! And Agcp < Ayy

o But: L@ =T (DuU(D“U)T) with F, = 91MeV
= My = gF:/2 ~ 30MeV...= Ngcp = 4nF; too small
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Chiral symmetry breaking in QCD

@ massless QCD with two flavors ¢ = ( s, ):
L =i =i+ riDUr
e global symmetry: G = SU(2), x SU(2)r
o At Agcp, quark condensates form: <@Rzm + h.c.> #0=G

broken to SU(2)v

@ exactly the symmetry breaking pattern we want for the EW
sector! And Agcp < Ayy

o But: L@ =T (DuU(D“U)T) with F, = 91MeV
= My = gF:/2 ~ 30MeV...= Ngcp = 4nF; too small

@ other problem: we observe the goldstones (pions)...
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From QCD to minimal Technicolor

@ QCD is not working but has this interesting feature:
Aqcp < Ayv natural (dimensional transmutation)
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From QCD to minimal Technicolor

@ QCD is not working but has this interesting feature:
Aqcp < Ayv natural (dimensional transmutation)

@ To use this mechanism for EWSB we would need :
Fr = v =246GeV
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@ To use this mechanism for EWSB we would need :
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@ Idea = scaled up QCD:
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@ To use this mechanism for EWSB we would need :
F. = v =246GeV
@ Idea = scaled up QCD:
> SU(N)tc gauge group (technigluons)
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Aqcp < Ayv natural (dimensional transmutation)

@ To use this mechanism for EWSB we would need :
Fr=v=246GeV

@ Idea = scaled up QCD:

> SU(N)tc gauge group (technigluons)
> n¢ massless techniquarks charged under SU(N)r¢ and
SU(2)EW X U(].)y
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@ QCD is not working but has this interesting feature:
Aqcp < Ayv natural (dimensional transmutation)
@ To use this mechanism for EWSB we would need :
Fr = v =246GeV
@ Idea = scaled up QCD:
> SU(N)tc gauge group (technigluons)
> n¢ massless techniquarks charged under SU(N)r¢ and
SU(2)EW X U(].)y
> Chiral Symmetry Breaking triggered at Ar¢c ~ 4mv
@ Low energy: Goldstones (in part eaten by the EW gauge
bosons)+ spin-1 resonances (p, al...in QCD)
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From QCD to minimal Technicolor

@ QCD is not working but has this interesting feature:
Aqcp < Ayv natural (dimensional transmutation)
@ To use this mechanism for EWSB we would need :
Fr = v =246GeV
@ Idea = scaled up QCD:
> SU(N)tc gauge group (technigluons)
> n¢ massless techniquarks charged under SU(N)r¢ and
SU(2)EW X U(].)y
> Chiral Symmetry Breaking triggered at Ar¢c ~ 4mv
@ Low energy: Goldstones (in part eaten by the EW gauge
bosons)+ spin-1 resonances (p, al...in QCD)

@ Let's build now an effective Lagrangian for the spin-1
resonances
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Effective Lagrangian for spin-1 resonances

e SB Pattern: SU(2); x SU(2)r — SU(2)v (no Higgs)

@ Representation for the spin-1 resonances: Antisymmetric
tensors transforming in the adjoint of SU(2)y: R* — hRM hf

@ We included 2 spin-1 resonances: one axial A*”and one
vector V# (VMD)

Effective Lagrangian at O(p?)

c :\fTr (DMU(D“U)T)

v v iG v
+ »Ckin,mass(AM ) v ) + Té Tr <VM [Uua sz])

+ ;% Tr <A/~W [evivmwet — tBve] )
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spin-1 resonances and Unitarity

New diagram in WW scattering:
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New diagram in WW scattering:
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spin-1 resonances and Unitarity

New diagram in WW scattering:

s G2 > [ s—u s—t
=———F |35+ M
A A R V<t—M2V+u—M2V>

@ The Linear growth with s is cancelled for Gy = —%

S
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spin-1 resonances and Unitarity

New diagram in WW scattering:

s G2 > [ s—u s—t
=———F |35+ M
A A R V<t—M2V+u—M2V>

\4

=

e But there is still a logarithmic growth in ap (Better for
Gv 2 7)

@ The Linear growth with s is cancelled for Gy =
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spin-1 resonances and Unitarity

New diagram in WW scattering:

s G2 > [ s—u s—t
=———F |35+ M
A A R V<t—M2V+u—M2V>

@ The Linear growth with s is cancelled for Gy = %

e But there is still a logarithmic growth in ap (Better for
Gv 2 7)

@ It's an imperfect unitarization, possible up to a few TeV. At
higher energies, inelastic channels opens and heavier
resonances can enter the game....
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Constraints on My /Gy from Unitarity

o At fixed My we require |ag] < 1 up to /s ~2My = A
(inelastic channel opens after).
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> gives an allowed range for Gy
> constraint impossible to satisfy for My > 2.6 TeV

@ Motivation for the M\, dependent cutoff: we assume VMD =-
VHY must cure unitarity in a large range without the help of
extra vector resonances.
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Constraints on My /Gy from Unitarity

o At fixed My we require |ag] < 1 up to /s ~2My = A
(inelastic channel opens after).
> gives an allowed range for Gy
> constraint impossible to satisfy for My > 2.6 TeV
@ Motivation for the M\, dependent cutoff: we assume VMD =-
VHY must cure unitarity in a large range without the help of
extra vector resonances.

Gy HGevL

12 14 16 18 20 22 24 26
My HTeVL
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The S parameter from a dispersive relation

o Definition: § = e3 — esM(mreh)
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o Heavy model + m{ef >> Mz = 5§~ e3 — esM(mfe)

@ Vacuum Polarization formfactors:
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The S parameter from a dispersive relation

o Definition: § = e3 — esM(mreh)

o Heavy model + m{ef >> Mz = 5§~ e3 — esM(mfe)
@ Vacuum Polarization formfactors:

> Maa(q?) = v2 + q?Maa(q?)
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The S parameter from a dispersive relation

o Definition: § = e3 — esM(mreh)

o Heavy model + m{ef >> Mz = 5§~ e3 — esM(mfe)
@ Vacuum Polarization formfactors:

> Naa(q?) = v? + ¢*Maa(q?)
> Nw(g?) = ¢*Mwv(g?)
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The S parameter from a dispersive relation

o Definition: § = e3 — esM(mreh)

o Heavy model + m{ef >> Mz = 5§~ e3 — esM(mfe)
@ Vacuum Polarization formfactors:

> Naa(q?) = v? + ¢*Maa(q?)

> Mw(q®) = M (q?)

o e3 = g2Mx(0) = & My (0) — flaa(0)
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The S parameter from a dispersive relation

o Definition: § = e3 — esM(mreh)

o Heavy model + m{ef >> Mz = 5§~ e3 — esM(mfe)
@ Vacuum Polarization formfactors:
> Maa(g?) = v + ¢*Maa(q?)
> Mw(q®) = M (q?)
/ 2 ~ ~
o &3 =gMp(0) = & | (0) ~ flaa(0)]

@ Dispersive relation:
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The S parameter from a dispersive relation

o Definition: § = e3 — esM(mreh)

o Heavy model + m/ef >> My = §~ e3 — e$M(mre)
@ Vacuum Polarization formfactors:

> Naa(q?) = v? + ¢*Maa(q?)
> Nw(g?) = ¢*Mwv(g?)

/ 2 ~ ~
o &= g2M(0) = & [l (0) — Flan(0)]
@ Dispersive relation:

2 o)
c_ & ds _ _(sM__ sm
5=% /#2 . [(pv PA) (Pv PA )}
2Im(Alyy(s)) and pa(s) = Lim(faa(s))
A gz F2 F2
SZT W%_V% +96ﬂ'2 |Og ref+O( )
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Weinberg sum rules

o SU(2), and SU(2)g currents OPE: <Jf“(q2)J,gV(0)> =

(1~ 28) Mul?) ~ ()22 () ...
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Weinberg sum rules

o SU(2), and SU(2)g currents OPE: <Jf“(q2)J,gV(0)> =
(1 = ) Nia(?) ~ (a2 5972 (0) + .

e Dispersive relation : M;r(q?) = v?+¢° [~ dsM with
pv(s) = 2Imfyy(s) pa(s) = 21mfaa(s)
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Weinberg sum rules

o SU(2), and SU(2)g currents OPE: <Jf“(q2)J,gV(0)> =
(1 = ) Nia(?) ~ (a2 5972 (0) + .

e Dispersive relation : M;r(q?) = v?+¢° [~ dsM with
pv(s) = 2Imfyy(s) pa(s) = 21mfaa(s)

Consequences:Weinberg Sum Rules

o if A® >2: [*ds(py(s)— pa(s)) = v 1st WSR
o if A® >4: [ dss(py(s) — pa(s)) =0 2nd WSR
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Consequences of the WSR's for Minimal Technicolor

@ lowest dimension operator contributing to the OPE:
0% = (VPLT?) (FPRTPY) = A = 6
= The two Weinberg sum rules are satisfied
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Consequences of the WSR's for Minimal Technicolor

@ lowest dimension operator contributing to the OPE:
0% = (VPLT?) (FPRTPY) = A = 6
= The two Weinberg sum rules are satisfied
@ using the spectral densities:
1 My
> pv(s) ~ 22 (s—M2V)2\—/&-I'%/M2V
> pa(s) ~ FZ(s — M3)
we get with the Weinberg Sum Rules:
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Consequences of the WSR's for Minimal Technicolor

@ lowest dimension operator contributing to the OPE:
0% = (VPLT?) (FPRTPY) = A = 6
= The two Weinberg sum rules are satisfied
@ using the spectral densities:
1 My
> pv(s) ~ 22 (s—M2V)2\—/&-I'%/M2V
> pa(s) ~ FZ(s — M3)
we get with the Weinberg Sum Rules:

Constraints on the parameters:

o FZ — F2=v? 1st WSR
o FZMZ — FAM3 =0 2nd WSR
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Minimal Technicolor and S parameter

Problem of the constraints:

. & 2 [ F2 F2 .
This gives AStree = & <M\é — M‘%‘) > 0 and big...

We recover here the usual problem of minimal Technicolor models:
a bad fit to EWPT...
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Conformal Technicolor

@ idea: add inert techniquarks such that the theory reach a
strongly coupled fixed point in the IR (investigated on the
Lattice)
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@ consequence: ® not necessarily of dimention 6 like in minimal
technicolor (large anomalous dimensions)
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Conformal Technicolor

@ idea: add inert techniquarks such that the theory reach a
strongly coupled fixed point in the IR (investigated on the
Lattice)

@ consequence: ® not necessarily of dimention 6 like in minimal
technicolor (large anomalous dimensions)

e infact: A® <2+4+2385(d—-1)<4
[R.Rattazi et al. 2008; D.Poland al. 2011; A.Vichi 2011]:
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Conformal Technicolor

@ idea: add inert techniquarks such that the theory reach a
strongly coupled fixed point in the IR (investigated on the
Lattice)

@ consequence: ® not necessarily of dimention 6 like in minimal
technicolor (large anomalous dimensions)

@ infact: AP <2+285(d—1)<4
[R.Rattazi et al. 2008; D.Poland al. 2011; A.Vichi 2011]:

@ 2nd Weinberg sum rule not satisfied!

= Possible cancelation between axial and vector contributions to S
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o Definition: T = e; — egM(myef)
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o Heavy model + mjef >> Mz = T ~ e — e (mjef)
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o Heavy model + mjef >> Mz = T ~ e — e (mjef)
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o Definition: T = e; — egM(myef)
o Heavy model + mie" >> Mz = T ~ e; — egM(myef)

A trick to compute e;:
o (B(@)5(=) = (S (@I (-9)

. wgv 2
i (77’”’ — 24 ) “e
with J2 o = £9,m2 + Leabegby mc 4
LR~ 2%u 2 .

q—0
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o Definition: T = e; — egM(myef)
o Heavy model + mjef >> Mz = T ~ e — e (mjef)
A trick to compute e;:
o (B R(-9) — (Jf (@) (-))
. v 2
_j (77’”’ _ q:g ) “e
with J? p = $9,m? £ Leberby,me + ...

@ Vanish if the custodial symmetry SU(2)y is an exact
symmetry. Only source of breaking:g’

q—0
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o Definition: T = e; — egM(myef)
o Heavy model + mjef >> Mz = T ~ e — e (mjef)
A trick to compute e;:
o (B R(-9) — (Jf (@) (-))
. v 2
_j (77’”’ _ q:g ) “e
with J? p = $9,m? £ Leberby,me + ...

@ Vanish if the custodial symmetry SU(2)y is an exact
symmetry. Only source of breaking:g’

q—0

= 3 types of diagrams contributing:

1 / \
®--- ---® ® ---® ©® ®
\ 1 7 1

\ \
N \ ’
- ~ -
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T parameter-goldstone Wave function Renormalization

o In Landau gauge (¢ — 0) there is no B* — 73 mixing = Only
the first diagram contribute.
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L 5Z+ - 5Z3|Landau gauge
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T parameter-goldstone Wave function Renormalization

o In Landau gauge (¢ — 0) there is no B* — 73 mixing = Only
the first diagram contribute.

L 5Z+ - 5Z3|Landau gauge

e Contributing diagrams:
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T parameter-goldstone Wave function Renormalization

o In Landau gauge (¢ — 0) there is no B* — 73 mixing = Only
the first diagram contribute.

L 5Z+ - 5Z3|Landau gauge

e Contributing diagrams:
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T parameter-goldstone Wave function Renormalization

o In Landau gauge (¢ — 0) there is no B* — 73 mixing = Only
the first diagram contribute.

L 5Z+ - 5Z3|Landau gauge
e Contributing diagrams:

e Good UV behavior = Fy Gy = v?
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T parameter-quadratic divergences

(Fy—2Gy)? Fi } A2

o AT, — 387 TA
@ Quadratic divergences: ATy, = % v + w2 | Tomv?

Axel Orgogozo - LPTENS Higgsless models and EWPT



T parameter-quadratic divergences

@ Quadratic divergences: A?’,\z = 8 [(F‘/QG‘/) + MQ} N

M?2 167v2

o New operators:
ika Tr( A [VprV, uu]) + iky Tr(V* [VpAp”, uu])

Axel Orgogozo - LPTENS Higgsless models and EWPT



T parameter-quadratic divergences

. . A 2
o Quadratic divergences: ATy = 8 [(F‘/MQQGV) + MQ} 16/;‘/2

o New operators:
ika Tr( A [VprV, uu]) + iky Tr(V* [VpAp”, uu])
@ participate to the mR form factors:

B¢
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T parameter-quadratic divergences

. . A 2
o Quadratic divergences: ATy = 8 [(F‘/MQQGV) + MQ} 16/;‘/2

o New operators:
ika Tr( A [VprV, uu]) + iky Tr(V* [VpAp”, uu])
@ participate to the mR form factors:

B¢

w VIA

@ Requiring a good UV behavior fixes:
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o Quadratic divergences: ATy = 8 [(F‘/MQQGV) + MQ} 16/;‘/2

o New operators:
ika Tr( A [VprV, uu]) + iky Tr(V* [VpAp”, uu])
@ participate to the mR form factors:

B¢

w VIA

@ Requiring a good UV behavior fixes:
> Fy —2Gy +2kyFa=0
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T parameter-quadratic divergences

. . A 2
o Quadratic divergences: ATy = 8 [(F‘/MQQGV) + MQ} 16/;‘/2

o New operators:
ika Tr( A [VprV, uu]) + iky Tr(V* [VpAp”, uu])
@ participate to the mR form factors:

B¢

w VIA

@ Requiring a good UV behavior fixes:
> Fy —2Gy +2kyFa=0
> Fa+4+2kaFy =0
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T parameter-quadratic divergences

@ Quadratic divergences: A?’,\z = 8 [(F‘/QG‘/) + MQ} N

M?2 167v2

o New operators:
ika Tr( A [Vp Ve uu]) + iky Tr(V* [VpAp”, uu])

@ participate to the mR form factors:
@ Requiring a good UV behavior fixes:

> Fy —2Gy +2kyFa=0

> Fa+4+2kaFy =0

& _ 3¢ | (Fv=2Gy+2rvFa)? | (Fat+2raFv)? | A2 _
° ATp =g { M2 R T6m? — 0
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T parameter-\ coupling

@ Other non equivalent operators involving two Resonances:

Oy = (VA" [V uf]) | Gy = (V™ [A™ Y uf))
@’3 — <AMI[V’)U.V,,U,/D : ﬁ1 — <V“"[AO”7 V/}“;ID )
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T parameter-\ coupling

@ Other non equivalent operators involving two Resonances:

Oy = (VLA [V uf)) | Oy = (VI [A™ Y ur]) |
Oy = (A"[V™ Vo)) . O = (V[A” Y 0,]) .

@ But only iAQ; contribute in the end to the T parameter
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Oy = (A"[V™ Vo)) . O = (V[A” Y 0,]) .

@ But only iAQ; contribute in the end to the T parameter

@ Problem: No mechanism to fix the coupling A...
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T parameter-\ coupling

@ Other non equivalent operators involving two Resonances:
01 = (VAW [V uf)y | 6y = (VI [A™ Y ur])
@{ — <A4“ll[‘/71)ll.V/J'U.//D , ﬁ1 — <‘/7;u/[‘4/>1/7 vﬂuﬂb .

@ But only iAQ; contribute in the end to the T parameter
@ Problem: No mechanism to fix the coupling A...
o We took A ~ —0.5 — 0.5 (like the k's)
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T parameter-\ coupling

@ Other non equivalent operators involving two Resonances:
Oy = (VLA [V uf)) | Oy = (VI [A™ Y ur]) |
Oy = (A" Vyul) . Or = (VWIA™, Vyu,]) .
But only iAO; contribute in the end to the T parameter
Problem: No mechanism to fix the coupling A...
We took A ~ —0.5 — 0.5 (like the 's)
Interesting for EWPT
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Constraining the space of parameters

o FZ — F3 =v? (1st WSR), FZM2 —F5M% =0 (2nd WSR)

o FyGy = v? (7 formfactor)
@ Fy —2Gy = —2kyFa and Fp = —2kaFy (wR formfactors)

Gy HGeVL

Constraints from S

Constraints from Unitarity

2501

2001

150

100=

Ma (TeV)
~

12

14 16

= 05
18 20 22 24 26 max Gy

My HTevL 12 14 16 18 20 22 24 26
My (Tev)
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Results:\ =

My = 1.2TeV My = 1.6TeV
_ 8 _
6 6
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o o
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2 2
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2 3 45 6 78 9 2 3456 7 8 9
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My = 2TeV My = 2.4TeV
— 8
6 6
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S 4 S 4
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0 0
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Conclusion

@ Chiral EW Lagrangian = Unitarity violation and bad fit to
EWPT

@ Two solutions for unitarity: Higgs,Spin-1 Resonances

@ But for EWPT the Higgs seems at first sight to be the only
solution (large S in Technicolor)

@ Conformal Technicolor provides a way out for the Spin-1
Resonances
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