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 Standard Model Higgs
* Higgs as Nambu-Goldstone boson
* Realizations in 4d and 5d

e EWPT, flavor and LHC searches

* Higgs potential
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What is the nature of the Higgs particle?
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Mass for gauge bosons means new degrees of freedom

m1:0 ml#()

A A

—
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Mass for gauge bosons means new degrees of freedom

A A
——
 Z \ 4

Nambu-Goldstone Bosons
SU(Q)L X U(l)y — U(l)@

become longitudinal polarizations of W & Z

Custodial symmetry

2
my,

p = ~ 1 > SU(2).

2
m3, cos? Oy
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In SM electro-weak symmetry broken by scalar doublet

/1 G

s e

H(z)="U(z) ( v+h(z) ) v = 246 GeV

SU(2); ® SU(2)x
SU2)L+r

Physical scalar is the Higgs boson — mp = Vv
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In principle Higgs scalar not even needed

W W+ W+ W W

1
AWIW, = WiW,) = < (s+1t)

U

2

=T [9,U0"U"] =

V2

5(1—”” +...)aﬂzaﬂwz
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In principle Higgs scalar not even needed

W+ W+ W+ W W

1
AWIW, = WiW,) = < (s+1t)

U

2

=T [9,U0"U"] =

V2

5(1—”” +...)aﬂzaﬂwz

New physics must appear below

A =47v ~ 3TeV
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QCD breaks electro-weak symmetry

SU(2)L @ SU(2)r
SU2)L+r

<UL UL >=Ahop by —> L=f2Tr[0,Ud"UT]
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QCD breaks electro-weak symmetry

SU(2)L @ SU(2)r
SU2)L+r

<UL UL >=Ahop by —> L=f2Tr[0,Ud"UT]

Technicolor is a rescaled version of QCD f=v.
No Higgs scalar but techni-resonances (spin O, /2, |, ... etc.).

m, < 3'TeV

mwyw = 80 GeV

Ruled out.
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In the SM:

j;‘,-?--h-- +..
.

AWFW, = WIW, )~ |s—a

2
2 S

s —t
s—mz T

Amplitude goes to constant If a=|
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115 GeV < my, < 160 GeV

With 125 GeV Higgs SM can be valid up Mp.
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HIERARCHY PROBLEM

SM is an effective theory valid up to A

L= Liin + 9 A0y +ypHy — X|H|*
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SM is an effective theory valid up to A

L= Liin + 9 A0y +ypHy — X|H|*

Irrelevant interactions:

1 ) 1 L -
K(lHC) FWWZ K¢U“ YF,,

D >4




HIERARCHY PROBLEM

SM is an effective theory valid up to A

L= Liin + 9 A0y +ypHy — X|H|*

Irrelevant interactions:

1 ) 1 L -
K(lHC) FWWZ Kwa“ YF,,

One relevant operator

D >4




Perturbatively:

32

---------------- 5772,}% E— —@A% — At ~ Smh
h h > 99°+397
--------------- 5mh = 327_‘_2 Ag — Ag ~ 9mh
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Perturbatively:

................ sm2 =~y A~ 3m
h — 87T2 t t h

h h 92 3/2
------- '"""' omi, = gg;rzg Ay —— Ay~

It the theory Is natural new physics beyond SM must
exist at the TEV scale.
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Iwo paradigms:

* Weak Coupling:

Supersymmetry
l"‘-§.~\\
h i \ ;
"""""""" - el D ~ 100 GeV
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Iwo paradigms:

* Weak Coupling:
Supersymmetry

e Strong Coupling:
Technicolor, Composite Higgs, Higgsless, Extra-dimensions ...

TeV
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HIGGS NGB




Higgs doublet could be a light remnant of strong dynamics.

spin |

Strong sector:

resonances + — spin /2
Higgs bound state

spin 0.... 2

1
2
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Higgs doublet could be a light remnant of strong dynamics.

spin |

Strong sector:

resonances + — spin /2
Higgs bound state

spin 0.... 2

N =

Iwo parameters:

LargeN : g, ~ —
Relieves hierarchy problem

3\2
2 t 2
5mh ~ wmp
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The Higgs scalar itself could be a NGB.

. Lo Georgi, Kaplan ‘80s
T the symmetry Is exact It Is massless.

G
NGB_E
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The Higgs scalar itself could be a NGB.

. Lo Georgi, Kaplan ‘80s
T the symmetry Is exact It Is massless.

G
NGB = —
H
U _ 6Z7TafTa
Low energy lagrangian
L=f’DiD" 4 ... My, = gpf

Oom=c—+...
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e

SO(5)
SU(Q)L & SU(Q)R

> GB = (2, 2) Agashe , Contino,
Pomarol, '04
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e

Many possibilities:

SO(5)

SU12)r @ SU(2)r

> GB=(2,2)

Agashe , Contino,
Pomarol,’04

H
SO(4)
SO(5)

SO(4) x SO(2)

S0(6)
Go

SO(5) x SO(2)
[SO(3))°
Sp(4) x SU(2)
SU(4) x U(1)

SO(5)

Ng

4
5!
8
6
7
10
12
8
8

14

NGBs rep.[H| = rep.[SU(2) x SU(2)]

4=(2,2)
5=(1,1)+(2,2)
4.0+4_2=2x(2,2)
6=2x(1,1)+(2,2)
7=(1,3)+(2,2)
100 = (31 1) = (1, 3) + (2’ 2)
(2,2,3) =3 % (2,2)
(4,2) =2x(2,2),(2,2) +2 x (2,1)
4 5+4.5=2x(2,2)
14=(3,3)+(2,2)+(1,1)

Mrazek et al.,’ | |
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Deviations from SM:
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Deviations from SM: 0(

Higos Is an angle,

Spectrum:

0< h<2rnf

Small Tuning

f2

V2

TUNING ox =
f<TeV
mp = gpf
my, = 125 GeV

mwyw — 80 GeV
0
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Higgs cannot be exact NGB

h— h-+c &

G symmetry broken explicitly in SM

\eqh Houly + NLgh Hd, + h.c.

(

1
0, H +iA, H|’ SUR2) x U(L)
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Higgs cannot be exact NGB

h— h-+c

G symmetry broken explicitly in SM

A gy Houly + AL gy Hd% + hec.
0,H +iA, H|?
Similar to QCD:

U(2)L X U(Q)R

SU(2) x U(1)
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® Bilinear couplings
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® Bilinear couplings

ArqrOrL + ApqrOr -+ YOLHOR
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® Anarchic scenario

Strong sector couplings have no hierarchies

YU’Dwgp Ysm = €LY - €R

SM hierarchies are generated by the mixings:

* Light quarks elementary

* [op strongly composite
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® Anarchic scenario

Strong sector couplings have no hierarchies

YU’Dwgp Ysm = €LY - €R

SM hierarchies are generated by the mixings:

* Light quarks elementary

* [op strongly composite

® MFV scenario

er x Id €L X YsmMm

Redi Weiler,’ | |
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MODELS




e 5D Models

UV |

0

(Randall-Sundrum '99)

ds? = e 2KV (—dt? 4 dx®) + dy?

Higgs

S O O Y O T O O Y v v

Through AdS/CFT correspondence dual to 4D CFTs.
Relevant physics dominated by the lowest modes.
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SM gauge fields are obtained from zero modes of bulk fields

SU(3). ® SU(2)r, ® SU(2)r @ U(1)x
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SM gauge fields are obtained from zero modes of bulk fields

SU(3). ® SU(2)r, ® SU(2)r @ U(1)x

NGB of G/H obtained from a G gauge theory

SU2), @ U(l)y | z SO(4)
SO(5)

Neumann

9. A% =0 SO(4)

Higgs 1s a Wilson line

ZIR
H = / A.dz

uv
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Fach SM chirality Is associated to a 5D field of mass ¢ k.
SM chiral fermions are obtained by boundary conditions

\ ()
peG

) A+

(

L+t

+ -

\
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Fach SM chirality Is associated to a 5D field of mass ¢ k.
SM chiral fermions are obtained by boundary conditions

) ()
UpeG

/ A+

(

L+t

+ -

\

- 2—c
Yy <—>
<IR

Yukawas hierarchies are generated

TeV\“ 2
SM 5 ~
Yij = €LiY;j€R; ‘ ( M, )
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Agashe , Contino,
CHMbS:

Da Rold, Pomarol,’06

5=(2,2)+(1,1)

SU(3). x SO(5) x U(1)x

Ad — 0 30(5)
SUR2),@U(1)y we SO(4)
Neumann ) .
5 HiR
3 3
0. A% =0 SO(4)
508 5°%
~1 p

iy (2,2)7 (2,2)8 + M, (1,1)

(L1 +ma(2,2); (2,2)8 + M;(1,1)5 (1,1)¢ + he.
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5D models are dual to 4D strongly coupled theories

Arkani-Hamed, Porrati, Randall ’00

5D gauge symmetry ~————— 4D global symmetry
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5D models are dual to 4D strongly coupled theories

Arkani-Hamed, Porrati, Randall ’00

5D gauge symmetry ~————— 4D global symmetry

L = \G0%
d\ 5 Contino, Pomarol 04
2= (d— )\ ’

han (d=3)

e d>5/2 irrelevant, small in IR (light generations)

e d<5/2 relevant, large in IR (top)

Hierarchies from dimensional transmutation

Friday, June 14, 2013



e 4D Models

Low energy lagrangian determined by the symmetries.
CCW/Z procedure

~ o~

1T

Ul) =¢ 7 UIl) =gU(IDR'(I,9) g€ G, heH(x)

U'0,U = iE\T* 4+ iDST®
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e 4D Models

Low energy lagrangian determined by the symmetries.
CCW/Z procedure

JIIe o

Ul) =¢ 7 UIl) =gU(IDR'(I,9) g€ G, heH(x)

U'0,U = iE\T* 4+ iDST®
An effective lagrangian can be built similar to QCD

74

2 4
L= [E“”U@@m T E(I)Utbam _Ie_r U &, 8/m -L]
gp ( / p) (47,‘,) ( / P) (47[‘) ( / P)

Giudice, Grojean, Pomarol, Rattazzi’07

SM fields are assigned to SO(5)

A" g O’ OeG
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To Introduce resonances start from G/H

T D
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To Introduce resonances start from G/H

Gr ®GpRr
GL+r

2 — QLQQTR ‘|‘

T D
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To Introduce resonances start from G/H

GL X GR
GL+r

Q — Qg +

and gauge Gr+G
2 2
Lo_site = f—lTr |D/LQ|2 + %Dgl)“a — ! A Apv

4 @puyp

D,Q = 8,0 —iA,Q+iQp,

T D
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To Introduce resonances start from G/H

Gr®Gp
GrL+Rr

T D

0 — gLQgTR -+

and gauge Gr+G
2 2
Lo_site = f—lTr |D/LQ|2 + %DZDW\ — ! A Apv

4 @pul/p

D, = 0,0 —iA,Q+iQp,

More resonances can be added.
Nearest neighbor interaction reproduce extra-dim:

gp17P1 gprgapN—2 gPN717pN71
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Minimal SO(5)/5O(4) model

Explicit breaking Composite sector

of global symmetry SO(5)/S0O(4)
Composite spin-1 lagrangian:
o _ S0(5)1 x SO(5)n L S00)
SO(5)L+r - SO4)

De Curtis, Redi, Tesi,’ | |
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Minimal SO(5)/5O(4) model

De Curtis, Redi, Tesi,’ | |

Explicit breaking Composite sector

of global symmetry SO(5)/S0O(4)
Composite spin-1 lagrangian:
o — S00)L x SO(B)r 5 S00)
SO(5)L+r - SO4)
fi f5 1,
TP+ (D) (D"9) = bt
D, =0,Q—11A,Q+1Qp, D,®=0,®—ip,®

SO4) and SO(5)/5O(4) spin-| resonances.
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Spectrum:

2 ;2
m2 - gpfl
p 2

2

m2 L gz(f12-|—f2)
ai 2

2 2

2 _ ngfX
mPX o 2

SM fields are introduced adding kinetic terms for the sources

1 1
‘Celau e — _—FaI/FaI/ o Y, VYMV
gaug 498 2220V 4983/ H
Physical parameters:
L1
g° 9% 9
S SN S
9" [
mp 9o
— tanf = 22
mpaL COS@L’ anvr gp
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Fach SM fermion couples to Dirac fermion in a rep of 5SO(5).
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Fach SM fermion couples to Dirac fermion in a rep of 5SO(5).

CHMS:

Explicit breaking Composite sector

of global symmetry SO(5)/S0O(4)
Third generation:
CHM5 _ el
L — cfefrmz'ons

+ Ay, GE NV + A t5 0 Vs + hec, > Explicit SO(5) breaking

—+ \IJT(’i ﬂ)p — mT)\I!T + \If,f(z J)p — mj:)\Iff
_ - _ Composite physics

— YT\PT,L(DQ (1)2\IJT,R — My, \IJT,L\IJT’R -+ h.c. < SO(S)/SO(4)

+ (T'— B)
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Useful a simple 4D description:

* theoretical:
- only very few resonances (1?) weakly coupled
- relevant physics largely independent of 5D or AdS
- what are the most general models?

* practical

- LHC will at best produce the lightest resonances
- Simplified model useful for LHC
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SIGNATURES




Higes NGB:
Higgs C —
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Higes NGB:

Strong sector:

Higgs + (top)

G
Higgs C —
g8 I

AL Ag g Elementary:

SM Fermions
+ Gauge Fields

Gauging SU(3)xSU(2)xU(1)
mixing to fermionic operators

Flementary-composite states talk through linear couplings:

‘Cgauge — g A,LLJ'LL

['mz':cz'ng — )\LfLOR + )\Rf_ROR > Ysm = €L - Y- €R

Light generations are elementary, top composite.
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* Precision Tests

CH gu (H'H) 8, (H'H) — = (HTH) (nyHTH’J)LHl/JR + h.c.)

Lejs = 22 f2 2
L 99 g opw 4 Y prtpge gew
16m2m2 3 1672m2 o
ZCW i v i ZCB »
+ oo (H''DPH) (D*W,)" + 3 (H#'D"H) (6”B,.)
ICHW ICHB
D*H)'o'(DH)W,, D*H)Y(DYH)B,,
T 167T'2f2( ) ( ) 167T2f2( ) ( ) f
7
f=—-"L<m,
9o Giudice, Grojean, Pomarol, Rattazzi 07
Typical modifications
U2
0gsm = R—5
my
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= m?, cos? Oy ~1 OPnaive = 12
5,0maac N 10—3 > f > 5H'TeV
Custodial Symmetry > SU(2)L x SU(2)r € H

SU(2)c

Composite sector has su@)r e SU@reU1)x symmetry (Y =Tsr+U(1)x)

Extended Higgs sectors require extra symmetry
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Third generation Z-couplings

br "
\\@.\ <H> <H>
B ) k.
\ /
\\ \ /
\ANXN\NNCNANN,
/> vV V:/X’ vV V \/\—)f\v vV V
~  W*'B'B W' B* Z
s
& B
g
b
—5ng 10_3 ELh > A
gLy 'mazx 9p€Rt

Possible problems with p at |-loop

9oV o
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Extend sU@2).©sU@reUL)x Symmetry

Agashe , Contino,

PLR . SU(Q)L X SU(Q)R N 0(4) Da Rold, Pomarol,’06

Couplings protected If symmetry respected.

I3r, =13p
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Extend sU@2).©sU@reUL)x Symmetry

Agashe , Contino,
Prr: SU(2)1 x SU(2)r — O(4) Da Rold, Pomarol,’06

Couplings protected If symmetry respected.

I3r, = 13R
Ex:
qdL > (2,2)2 Ly = ( 11; ;% )

<
oy
v
=
Z
Wl
=
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S-parameter:

S
H7H) W* B*
iz (1T H) W,
Tree-level:
<f{> <f1>
L . 1 1

\ / S ~ 47'("1}2 (—2 —|— 5 )

\ / mp ma
AVAVAVAVAVA = VAVAVAVAVAY: ZAVAVAVAVAVA < VaVaVaVavay .

W %% B" B
S < 0.3 > m, > 2 —31eV
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General Higgs lagrangian:

1 , v T h h?

- h
—mi’(ﬂ[ﬂ;z (1—|—/€FU—|—>¢RZ—|—}LC—|—

sin” — > ry =/ 1—€&
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CHM5:

CHM4:

. h h
mtOCSIH?COS?

. h
Ty XX S1N —;

f
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CHM5:

mocsimﬁcosﬁ

t foof
CHM4:

mtocsin%
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ho==-

—F?h

v MY
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4
4

AVAVAVAY '

AN Y

No large deviations expected.

0A
Asm

o

—F?h

v MY

,02
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WWV scattering non perfectly unitarized

W W
h s ,
---- -+ ... AWTW™ = WTW™) ~ (1 -k

W W

s S

. AWTW™ = hh) ~ = (kpn — ki)

c

¢
¢
<

Most likely not visible at LHC

Contino et al.’09
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e Flavor

Resonance exchange generates 4-Fermi operators

AF =2 transitions generated by mixing

q \ €r € q
p g2
ererenen X 5 < (@7 ) (dpyudy)
q €L RN ¢ P

FCNC of the light generation are suppressed by the mixings.
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Flavor superior to TC theories though not perfect.

2
gp mgqms

2 2 : . .
m, v Csaki, Falkowski, Weiler, 08

CE d%s¢d) s, CE ~

m, > 20 TeV

Dipoles:
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b — s
m, > 2g, TeV

Neutron EDM

w— ey m, > 30g, TeV
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b — s
} m, > 2g, TeV

Neutron EDM

w— ey m, > 30g, TeV

CP violation in D-system:

AP0y Kt K- — Apoymin- = (—0.67 £ 0.16)% LHCb "12

Reasonable in composite Higgs

9p
m.~ =2 x 10TeV
P 4
T
Keren-Zur et al.,’ 12
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* Direct Searches

Heavy resonances mostly coupled to 3rd generation + Higgs

Spin-|: gluon, electro-weak
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* Direct Searches

Heavy resonances mostly coupled to 3rd generation + Higgs
Spin-|: gluon, electro-weak
q
! P g %
_I_
q q
9paq = 9(sin® @ cot @ — cos? ptan 0) sin’ ¢ ~ €

Decay into 3rd generation or heavy fermions.

t T
i«.ﬂ< ,\5\<
t t
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. L . ' . . L ' Ll . L I L v . ' Ll Ll v ' v .

Vs=7TeV ——— QObs. 95% CL upper limit

3 P Exp. 95% CL upper limit
10° =4,
-‘ = aaan P Exp. 10 uncertainty
Exp. 2 ¢ uncertainty
=== Kaluza-Klein gluon (LO)

ATLAS Preliminary

10°

10

o, xBR(g — tt) [pb]

10.‘.

g, mass [TeV]

12 EMS. L=5 fo'at Vs =7 TeV KK Gluon Assumption
- R N e
. Observed (95% CL)

@ —— Expected (95% CL)
L + 1 s.d. Expected

2 W - 2 s.d. Expected

% TE S e, """ KK Gluon, Agashe et a
|

ol

Q R
= 10

102 —

tt Invariant Mass (TeV/c?)

Gluon resonances excluded up to 2 TeV!

Friday, June 14, 2013



Spin-1/2 :Top partners could be lighter + exotic charges
T T's T
(51;) 7

Lyuk =Y, sin Lr. Sil’lgOR (ZLQ'(T]tR - BL@'—tR) + Y. cos @r. sin PR (T@'(T]tR - qu—tR)

+ Y.singy cospp (5L¢(T;T - BLQ'—T) + Y.singppg (Ta/:sc"’*tn + T2/3¢0tR) + ...
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Spin-1/2 :Top partners could be lighter + exotic charges
T T's T
(51;) 7

['yu.k =Y* sin Lr. sinch (EL@';]tR - BL@'—tR) 4+ Y. cos Lr, sin PR (T@;t}g — B(b—tR)

4+ Y, sin Pr COsSPpR (t—L(D;]T - ?)L@'_T) 4+ Y, sin LR (i’,};g(b*t}? + Tz’,.';;QSUtR) T e

Production:
q q
I . W/Z
g -
T7 Ba T5/37 T2/3 T
g t
Double Single
Contino, Servant.’08 Mrazek, Wulzer 09

Aguilar-Saveedra '09
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o d
il W+ — Ity
‘ t — 1Tyb
_ t — b hadrons
10
mass, [TeV]
Mrazek, Wulzer 09
Decays:
tr LR
T 15,3
_l_
ZL) h WL
lr
T
Zr . h

Multi-lepton signatures.
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ATLAS-CONF-2012-130

T T

N\

N

—
Q

LI ITH"] L IIHIT]

o [pb] x BR(b™tW)

—
Q
N

Expecied limt at 95% CL
¥ Observed imit

[ Expected limit = 10

[ Expecied limit » 20

LB T”TI]

NN Theory approx. NNLO

—_
2
I l”nl’l

S e o
ATLAS Preliminary

det: 47" fs=7TeVv —

2 l 1 2 2 3 l L L 1 1 l L 2 1 I

I 1 1

e T O N B
0.3 0.4 0.5 0.6 0.7

double production

A

A
.o_h

w

—

A v { 2 1 X ‘ "l r ) '

i
/ f Ldt=471b"

| ’ \s=7 TeV

lllllllllllllll

1 11

llll

— — expected limit @ 95% CL

observed limit @ 95% CL

lllllll

ATLAS Prelimina

g lfTI]‘TTTITTTT]TTTT[‘TTTITITI
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HIGGS MASS




SM couplings break NGB symmetry

etL etR

Higgs potential generated at |-loop:

N, 5 4~ {(h
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SM couplings break NGB symmetry

€tr €tr

Higgs potential generated at |-loop:

N. 4o [ h

Ex:

h h h
V(h) =~ a sin® = + b sin® - cos® —

f f f

U<<f >
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Recall pions:
L=f2IDU +aAyopTrim - (U + U]
DU = 8,U + ieA,U

2 2 /
m-+ =mio = a Agop(my, +mg)
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Recall pions:

L=f2IDU +aAyopTrim - (U + U]

DU = 0,U +ieA,U

2 2 /
m-+ =mio = a Agop(my, +mg)

| -loop:
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Vectors effective action:

1 - v - v - v
Low =5 Pl [Hgf (p?) X1 X" + Ty (p?) Tr[A" A + 10, (p?) A" A @T}

o(p?) = . (p?), TF M%) =Tx®?), ILp?) =2[(?) — L. (p?)]

auge 1 82 14
Log 70 = §ng [ (HO(P2) + Zhﬂl(PQ)) AL Anr

82 1% 7 a 7 a
+ <Hy(p2) + zhﬂl(p2)> YHY" + 253 I (p°) H'T{Y H AS'Y,
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Vectors effective action:

1 - v - v - v
Low =5 Pl [Hgf (p?) X1 X" + Ty (p?) Tr[A" A + 10, (p?) A" A @T}

o(p?) = . (p?), TF M%) =Tx®?), ILp?) =2[(?) — L. (p?)]

auge 1 82 v
Lig " = §ng [ (HO(P2) + Zhﬂl(PQ)) AiLAur

82 1% 7 a 7 a
+ <Hy(p2) + Zhnl(ﬁ)) YHY" + 253 I (p°) H'T{Y H AS'Y,

Coleman-VWeinberg effective potential

9 .
V(h)gauge = 5/ o) In [1 -+ ZHo(p2) sin ?
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FermIOﬂSZ Contino, Da Rold ,Pomarol 06

d4
V(h)fermions — _2Nc/ (27_‘_])?4 [ln HbL + In (pZHtLHtR o H?LtR)}
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Ferm|ons: Contino, Da Rold ,Pomarol 06

d4
V(h)fe’rmions — _2Nc/ (27_‘_])?4 [ln HbL + In (p2HtLHtR H%LtR)}

CHMDS:

52 ~ PPN
Lo = |1407) + 5 (0 ) BEEY 4 0207) AT | a0
U S%L u (2 7 d(, .2 Slzz d(, .2
+ur p|j(p )+7H1(p) ur +dr p HO(p)_F?Hl(p) dR

ShCh

V2

ShCh

\/5 Mld(pz) qLi’\[dR + h.c..

M (p?) gL HCup +

d*p i Iy )? sh 5 h
V(h) fermions ~ —NC/ 27 [Hg + HB‘] sin? —I—N / QHQH“ sin ?COS }
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Simplified models:

p2
Hgauge [mV] — p2 _ m%/
ﬁ[m1 ma, m3] = (m% +m3 — p2)
Y pt = p*(mi +m3 + m3) + mims
—~ mimaims
M[m17m27m3] — T 2
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Simplified models:

H mv] p—
gauge[ p2 B m%/
~ (m3 + m3 — p?)

dip 911 h
V(h) gauge ~ / ( P 721 gn2 2

2

mal

hd ln[
41672 gg m2 —mg(1+98/g§) m%(1+93/93)

Potential Is finite with a single G multiplet!

|

h
sin? —

f
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ESTIMATES

2
_ ShCh /— 1rc Yt 2
2 27 2 27 26%% — 6%
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ESTIMATES

SpC
Lyuk =Yt f hhh (GLHtr + h.c.) > V(h)yur ~ NC—1g;2 m?fQS%LC%L
2 97 2 27 25%2_6% 4 2
Potential:
h v
V(h) = asy, — Bspc sh=sin % = -

Quartic 1s determined by top Yukawa,

N /Ncytmfv
b 2 ™ f
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.CHMS MR, Tesi ’12

General scan: f =500 GeV
2500,

2000
_ 1500
£
1000

500 & <
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e CHMS MR, Tesi ’12

General scan: f = 500GeV
2500,
2000
- 1500
. E
1000 Low mass:
; 2500 . .
500 < I .
100 2000 _ . L 2 : : 0- : ® 2
my SIS0 e s :'_: »° | ”
1000!.. > " :'..:’;-.z ! - 3?
L * Sufbsers = 87 £ %
500.‘: : 0:? !‘:.f =' .". .: t 4
R -.‘.H‘M‘.H‘A.,HQH’H
100 105 110 115 120 125 130

mg

For mH=125 GeV, fermionic partners often rule out
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f = 800 GeV

100 120 140 160 180 200 220

L ow mass:
mH[GeV]
2500 g 1
! [ | > o - [ | ““.’ ﬁ’
0000 T, gt e
— :".0!‘ :"} :0 ."'
3 15008 Sa LAt st Ja
o) ® "V Fopem n g0 o O..?-
E ettty Byl
1000} 9" gos ° .“.:g'..:?: 3.' = 2
I °*° ® 1y
5000

my|GeV]

New fermions should be seen in the near future!

Friday, June 14, 2013



TU n | ng: Panico, MR, Tesi,Wulzer ’ |2

A = Max, 0logmy
0log x;
150 | .
f .
. . % .
100 ' f =800 GeV
< , ° o .
I °,° é s
50 3 o P .. '\ ° .
. o .o.&' k. ob Nl
. ‘e o" a& °
0 500 1000 1500

m lightest (GCV)

Acwg ~ 30
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R spln 112 <TeV

y\)@\v . $pin-1 < 3Te_\{,"
"He 125 GeV
o
% Le=T"T " TN a g

' m, > 10TeV h
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--------

,' spln 1/2 <TeV

A\ '
@ . spin-l £ ?Ie.\{"
----------- S/‘
% e =~ -

' m, > 10TeV h

--------

Natural region of the theory will be tested at LHC!
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SUMMARY




SUMMARY

+ The Higgs as Nambu-Goldstone boson Is a
compelling possibility for stabilizing the

electro-weak scale.
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SUMMARY

+ The Higgs as Nambu-Goldstone boson Is a
compelling possibility for stabilizing the

electro-weak scale.

+ Realistic scenarios can be build
- Unclear UV completion
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SUMMARY

+ The Higgs as Nambu-Goldstone boson Is a
compelling possibility for stabilizing the

electro-weak scale.

+ Realistic scenarios can be build
- Unclear UV completion

+ Many smart mechanisms have been proposed
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+ Models are predictive.
New resonances must be present nearby with a specific
battern. New effects expected in flavor and Higgs physics.
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+ Models are predictive.
New resonances must be present nearby with a specific
battern. New effects expected in flavor and Higgs physics.

- No deviations from the SM have been seen where
they could be expected.
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+ Models are predictive.
New resonances must be present nearby with a specific
battern. New effects expected in flavor and Higgs physics.

- No deviations from the SM have been seen where
they could be expected.

++ LHC will tell if the electro-weak scale I1s natural.
Very exciting experimentally.
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, Gripaios, Pomarol, Riva, Serra 09
SO(6)/5005): Redi Tesi*12

5 GBs:

5=(2,2)+1

Fermions can be coupled to the 6=(2,2)+2 x |

b [0 )
/_Z.gL\ :
1
QL%E Zttllj; tR% 0
0 1cosftp
\ 0 ) \sin@tR)

For 6= singlet becomes exact GB.
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f = 800 GeV
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800 GeV
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iggs-fermions.

Same correlation

Singlet typically heavier than Higgs unless ¢~ 5
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ES TIMATES

(1 + 6% ZIZ(LZ) (Sh)> qr.0qr, + (1 + €2R Z [g) (Sh)> fRﬁtR

+yi f M (sp)trtr + h.c.,

L

Loops of SM fields generate:

Nc ) )
Vieading ~ Wm:lb Z [6% I},)(Sh) T 6?% I](%)(Sh)}

NC azy

Vsub—leading ~ 1672 m%be [th M2(Sh) + .. ] <yt ~ ELGRT
. h v
Sp =sin — = —
fof

Two different trigonometric structures needed to tune.
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* [uning at leading order

3 2 2
2 o, Ve ytmw 2 _omy f
h 92 f3 m,% 02

* [uning with sub-leading terms (CHMS, CHMI0...)

2 2 2
m2 N y m¢ 2 > A p— 5/’77/2}” ~ — X f_
h” op2 7t f2 my ytf

e Composite tR (CHM 4)

2 2
A m¢2 _5thf

m p—
b o2 v f2 m? V2
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