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WHAT WE KNOW

SM Is a gauge theory based on suE).esv@)LeU@)y

3

1 v 1 a auv 1 v . T.J ) T '
Licinetic = _ZB/M/BH e ZW,U,I/W ey ZWSVWI)M T Z (\Ij% 1)\11%4 7 \IJ% @\If‘}%)
j=1
Trr=(32)18(3,1:0(3,1) 112 1 (1,1), (3 couplings)
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Unbroken gauge symmetry forbids mass terms:
vacuum must respect a smaller symmetry

SU(g)c %Y U(l)EM

allowing to write mass terms,

3
Lrmass = Y _ [ M} up + dy M dp + €7 M jeg] + h.c.
i,j=1

W2+ Zm3, 2 O(20) parameters
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Mass for gauge bosons implies new degrees of freedom

A A
—
\ % \4

The extra degrees of freedom are Goldstone Bosons

SU2)r @ ULy — U(1)o

which become longitudinal polarizations of W & Z
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Mass for gauge bosons implies new degrees of freedom

A A
—
\ % \4

The extra degrees of freedom are Goldstone Bosons

SU2)r @ ULy — U(1)o

which become longitudinal polarizations of W & Z

Important hint:

e, L 5 Custodial Symmetry
t=r=> i >

m3, cos? Oy SU(2).
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In the SM electro-weak symmetry is broken through a
scalar doublet with Y=1/2

V(H) =X (H? - v?)°

H(z) = U(z) ( e ) | v =174 GeV
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In the SM electro-weak symmetry is broken through a
scalar doublet with Y=1/2

V(H) =X (H? - v?)°

) ( . > , v = 174 GeV

VEV breaks symmetry. The Goldstone Bosons in U(z) are eaten
oiving mass to W & Z. Higgs sector respects custodial symmetry

SU(2)L ® SU(2)r
SU(2)L+r

It SM Is correct only unknown Is the quartic/mass

mh:\/Xv
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STRONG DYNAMICS

In principle the Higgs scalar is not even needed, but




STRONG DYNAMICS

In principle the Higgs scalar is not even needed, but

1
AWIW, - W W)= —=(s+1¢)

U

Interactions become strongly coupled around leV.
Perturbative unitarity Is violated at

A= 1.7TeV
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New physics must appear below A
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New physics must appear below A

In QCD electroweak symmetry is broken by the
chiral condensate,

SU(2)L ® SU(2)r
SU2)L+r

<UL 0L >=ALopdy —> — - reunlohutosed

The 3 Goldstone bosons are the pions.
scattering Is unitary because they are composite objects.
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New physics must appear below A

In QCD electroweak symmetry is broken by the
chiral condensate,

SU(2)L ® SU(2)r

< U \Ilj >= A3 04 —_—
L~*R QCD %1y SU(Z)L_|_R

— L= PAaronueg

The 3 Goldstone bosons are the pions.
scattering Is unitary because they are composite objects.

The 3 pions would become longitudinal polarization of
W & Z without other effects

mw = gfr ~ 50 Mev p =1
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Techni-color is a rescaled version of QCD,
=

Longrtudinal polarizations of W & Z are composite states.
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Techni-color is a rescaled version of QCD,
=

Longrtudinal polarizations of W & Z are composite states.

No Higgs scalar but techni-resonances (spin O, [/2, | etc.).

m, < 1TeV

mwyw — 80 GeV
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Techni-color is a rescaled version of QCD,
=

Longrtudinal polarizations of W & Z are composite states.

No Higgs scalar but techni-resonances (spin O, [/2, | etc.).

m, < 1TeV

mwyw — 80 GeV

Sadly phenomenologically ruled out:
precision electro-weak measurements and flavor
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In the SM:

W W

---- 1
T AWFW: 5 WiW,) = = |s— L)
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In the SM:

W W

- om = . 1 2
T AW W — Wil = — |5 = S

"

Amplitude does not grow so SM can be valid up to
the Planck scale.

QUANTUM
GRAVITY
n M, = 10" GeV
9
Z
T
O
Z
myp < 200 GeV

0
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In the SM:

W W

- om = . 1 2
T AW W — Wil = — |5 = S

"

Amplitude does not grow so SM can be valid up to
the Planck scale.

QUANTUM
- GRAVITY
* Hierarchy problem | 4 M, = 10° Gev
* Dark Matter | O
£
* Origin of Yukawas, CP O
. . : < 200 GeV
* Explains nothing ey

0
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N 10

> .
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o NOPIIITL /. fitterfeufi 1,
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Higgs must be light:
ENBRtilcea out @ 99.7/ CL.TM > 225 GeV (worse inSSEag
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COMPOSITE HIGGS ettty

Higgs doublet could be a light remnant of strong dynamics.

spin |

Strong sector:

resonances + —> spin /2
Higgs bound state

ol G,

1
2

Iwo parameters:

Mp 9p (1 <gp <4m)
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COMPOSITE HIGGS ettty

Higgs doublet could be a light remnant of strong dynamics.

spin |

Strong sector:

resonances + —> spin /2
Higgs bound state

ol G,

Iwo parameters:

Wy 9p (1 < g, <d4m)

* Relieves hierarchy problem

3\2
om3 ~ “Ztm?
mh 47‘(‘ m
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Particularly natural it Higgs 1s a Goldstone Boson:
Massless at leading order.

SO(5) Agashe , Conti
. > Cls = (2.7 gashe , Contino,
EX. SU2)L @ SU(2)r e Pomarol, ’04
, SO(6 SO(6
Or-: o %
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Particularly natural it Higgs 1s a Goldstone Boson:
Massless at leading order.

| S0(5) X ) .
EX. SU(2)L @ SU(2)r GB = (2,2) Ag;(s):::arglc’)’r(m)t;no
: S0(6) S50(6)
Ol”. SO(5) SO4)®U(1)

Low energy lagrangian

, ' SU(2)r ® SU(2)g
D) YD N pr1

m, = gpf
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Goldstone symmetry is broken explicitly by SM couplings

Strong sector: \ Elementary:
Higgs + (top) G e —g SM Fermions Giudice et al,,’07

G/H g + Gauge Fields
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Goldstone symmetry is broken explicitly by SM couplings

Strong sector: \ Elementary:
Higgs + (top) G e —g SM Fermions Giudice et al,,’07

G/H g + Gauge Fields

Two sectors talk through gauging of SU(3). ® SU(2), ® U(1)y

Lo = G4y

And through mixing to fermionic states

»sz':cz'ng = )\L]FLOR N6 )\LJFROL 2% g o

Potential also generated
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Main difference from techni-color is that f is not linked to v.

Spectrum:

m, ~ 3 TeV
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Main difference from techni-color is that f is not linked to v.

Spectrum:
m, ~ 3 TeV
mh—7
mw — 80 GeV
0
Higgs I1s angle,
Tuning
2
0<h<2nf > S
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Scenario approaches SM for f >> v.
Precision measurements can be reproduced for m, > 2.5TeV
Flavor problems greatly reduced,

Cck CZ%S%J%S% CE ~
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Scenario approaches SM for f >> v.
Precision measurements can be reproduced for m, > 2.5TeV
Flavor problems greatly reduced,

2
= R g, mgm
Cck d%s%dgs% @ = e

2 2
mp (%

Acceptable pheno at the price of mild tuning,

f=500GeV  m,=3TeV

oo | —

(9~6 ~QCD)
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Scenario approaches SM for f >> v.
Precision measurements can be reproduced for m, > 2.5TeV
Flavor problems greatly reduced,

2
= e g, mgm
Cck d%s%dgs% @ = .

2 2
mp (V)

Acceptable pheno at the price of mild tuning,

f=500GeV  m,=3TeV

oo | —

(9,~6 ~QCD)

Overall models are far from perfect but general picture Is
compelling and worth taking seriously.
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Composite Higgs can be distinguished from SM Higgs:

* Heavy resonances

Mostly coupled to third generation quarks
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Composite Higgs can be distinguished from SM Higgs:

* Heavy resonances

Mostly coupled to third generation quarks
Spin-|: electro-weak and gluon resonances

q
Fx >5V\V.rxf\/»2"wl

q

Spin-1/2 : Top partners could be lighter + exotic charges

W g X
X g
q g X

Single Double
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* Modified Couplings

W-I—

—‘\J\,\ h o
e

W &
L 4
L 4
L 2
'¢
L 4 m%}v
o :22—26
5~ (v
2 3
A 3
W= = h
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* Modified Couplings

WWV scattering does not unitarize completely.
Unfortunately very hard to see at LHC unless v/t~ 1.

Continoetal.’l0

Deviations from a, b, c=1. Wait ILC... &
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Higgs quartic increases with strength of the strong
dynamics. For example for  Au ~ X,

3
< g, At
)\Nchg:T\; > T
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Higgs quartic increases with strength of the strong
dynamics. For example for  Au ~ X,

3

3 A
gp)\t ) m2 By N gp t ,U2
e 1672 Z “ 1672

Higes can be heavy for a strong coupling similar to QCD.

100 GeV < my < 400 GeV

A large coupling Is also hinted to minimize the tuning,

~— ~go— Barbieri et al.,’07

Precision measurements could be ok with the
contributions from extra-states (positive T).
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COULD WE GET LUCKY?

1

AL "I"'I"""'l"""l"'l"'l"'-
E fas — 1 '@ 7 TeV 3
b2y CMS Prelumlnary Oct2010 — 2 @7 TV ]

A\ . — 5@ 7 TeV
----- 2" @8 TeV
----- 5fb"' @ 8 TeV

Significance of Observation (o)

Pro;ected Slgnlflcance of Observatlon »
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1

A heavy Higgs would rule out SM and hint to compositeness!
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CONCLUSIONS




CONCLUSIONS

* Finding soon something like the Higgs Is likely:




CONCLUSIONS

* Finding soon something like the Higgs Is likely:

* Distinguishing SM Higgs from composite Higgs scenarios
will take time. Unless it 1s heavy.
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CONCLUSIONS

* Finding soon something like the Higgs Is likely:

* Distinguishing SM Higgs from composite Higgs scenarios
will take time. Unless it 1s heavy.

« 201 1-12 wall be VERY exciting!
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e ehinicolor Issues:

e Precision Measurements

-
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e ehinicolor Issues:

e Precision Measurements
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* Flavor Bounds

Unacceptable Flavor Changing Neutral Currents
oenerated unless miracles happen.
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