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The Standard Model

11/07/2003

LEP

PRELIMINARY

YFSWW/RacoonWW
___.no ZWW vertex (Gentle)
___.only v, exchange (Gentle)
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Ecm (GeV)
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The Standard Model and the Mass Problem
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the masses of the quarks, leptons and gauge bosons
don't obey the full gauge invariance

(&

S ( & ) is a doublet of SU(2). but m, < m.

a mass term for the gauge field isn't

g TR 0, e + gf T AN
invariant under gauge transformation

» &5 Sppn’raneous breaking of gauge symmetry @
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The longitudinal polarizaTion of massive W, Z
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a massless particle is never at rest: always p053|ble to distinguish
l (and eliminatel) the longitudinal polarization i
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L the longitudinal polarization is physical for a massive spin-1 particle s

(pictures: courtesy of G. Giudice)

symmetry breaking: new phase with more degrees of freedom

S
€= (’ﬁ, i é,) polarization vector grows with the energy < need UV moderator
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <

what is the sector responsible for the breaking SU(2).xSU(2)r to SU(2)v?
with which dynamics? with which interactions to the SM particles?

common lore: from a scalar Higgs doublet /ﬁ~
=

] ( h* > Higgs doublet = 4 real scalar fields

0
h 3eaten «—  — One physical degree of freedom
Goldstone bosons the Higgs boson
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <=

common lore: from a scalar Higgs doublet /’ﬁ-‘%:‘
C=S
ht : i ;
= < > Higgs doublet = 4 real scalar fields

0
h 3eaten «—  — One physical degree of freedom
Goldstone bosons the Higgs boson
agreement A\
with EW data ’

(doublet = p=1)

Excluded N0, A
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <=

common lore: from a scalar Higgs doublet @:'

L < h* > Higgs doublet = 4 real scalar fields

0
h 3eaten «—  — One physical degree of freedom
Goldstone bosons the Higgs boson
Good
agreement
with EW data

But the Higgs
hasn't been
seen yeft...

(doublet = p=1)

other origins of the Goldstone's: condensate of techniquarks, As...
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The source of the Goldstone's
symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r
SU(2)v

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons

=» Where are these Goldstone's coming from? <

common lore: from a scalar Higgs doublet K%~
—

= s = Ess — — ——— — __———— ———— — — —aa.
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a (t00?) simple picture that calls for new physics ™

@ The Higgs has not been seen yet

@ There is no dynamics: a description but not an explanation of EWSB
@ Instability under radiative corrections: "the hierarchy problem”

@ Instability under radiative corrections: triviality, stability...
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—— Perturbativity bound

[ ] Stability bound
[ ] Finite-T metastability bound
B Zero-T metastability bound

Shown are 1o error bands, w/o theoretical errors

ey astable

LEP exclusion
at >95% CL

18
collapse Iog, (A/GeV)

Only agh’r Higgs (130 6ev«mu170 GeV) allows for
the absence of New Physics at low energy
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The source of the Goldstone's

symmetry breaking: new phase with more degrees of freedom
SU(2).xSU(2)r

massive W*, Z: 3 physical polarizations=eaten Goldstone bosons SU2)y

=» Where are these Goldstone's coming from? <

common lore: from a scalar Higgs doublet (%~
ey

A

= T e e LT - - B ——
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a (too?) simple picture that calls for new phys

S

ics

@ The Higgs has not been seen yet

@ There is no dynamics: a description but not an explanation of EWSB
@ Instability under radiative corrections: "the hierarchy problem”

@ Instability under radiative corrections: triviality, stability...

® Precisions measurements ® Matter-antimatter ® Siions chorsbiats

(94-2, LR asymmetries etc) asymmetry ® Char Z uaF:\‘riza‘rion & GUT
® Neutrinos masses ® Inflation @ Tl :

® Dark matter ® Fermion mass and mixing - QuanH BN T

® Dark energy hierarchies
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Which Higgs?
9

Untigs? Private FHiggs? Curalnik s ¥12995°

@&uyepﬁ@éﬁc Higy 57

@auge—ﬁﬁgyg?

@§1?772]9 [eé’f ﬁﬁyy@f?
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The Goodies of SUSY

SUSY has good assets:

@ Absence of quadratic divergences

@ Radiative EWSB,

@ Gauge coupling unification,

@ DM candidate(s),

@ No large oblique corrections: R-parity 2 one-loop effects only...

Good fit to EW data

WS — s -Z-Z-Z-Z-Z-Z-Z-Z-.-Z-Z-Z-Z-Z-Z-.-Z-Z:E:E:

SME
MSSME

both models EEiEE b u-‘-
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The not so Goodies of SUSY

SUSY need new (super)particles that haven't been seen yet
SUSY (at least MSSM) predicts a very light Higgs

&€ SUSY little hierarchy

(MSSM, tan 8=10, A=0)
3 - 1 “ | 1 1 T " 1 ] 1 " 1} 1 I 1 1 I Ll J',I T l 1
\‘é\ @Q 5

-\‘ 2 C}/'/ H
NS {{30" -
i v ] '\,/
i \

37

2 — /{/ —
large regions of E (Ha) > (Hy)
parameter space gg . b -

ruled out S TR
allowed region ~1% 5 ° B
-_ e

1 l g tugnNigh o 1 g oy v I AR i ! il
0 0.2 0.4 0.6 0.8 1

gaugino mass?/ higgsino mass-?
(M?/u?)
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The not so Goodies of SUSY

SUSY need new (super)particles that haven't been seen yet
SUSY (at least MSSM) predicts a very light Higgs

&€ SUSY little hierarchy
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The not so Goodies of SUSY

SUSY need new (super)particles that haven't been seen yet
SUSY (at least MSSM) predicts a very light Higgs

& SUSY little hierarchy i
2 2 2 ‘F(ﬁGme ms ‘
\ m; ~ m7 cos” 203 # log —%
0 \eN¢ \ /272 m2
A\o© s s
o e 115 GeV = my> 1 TeV
G rmEmE R~ R eT
2T £ Wl TN e 2 2
5mHU 4 s mg- mZ/2 T tan? O =

a =

re“quir'—es some fine-tuning O(1%) in mz
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The not so Goodies of SUSY

SUSY need new (super)particles that haven't been seen yet
SUSY (at least MSSM) predicts a very light Higgs

&€ SUSY little hierarchy i R
Fm 7
2 ms 2 my cos” 23 —H\ 2 " Jousse )
\e s 't A
,\QOQ
o\ my > 115 GeV@mplTeV
3\/_G mn;;; \:m-Q\Af'". m2 nE m2
2 £ E-art N o H, 155
omy, € 47T ? log S ML = 2 T v
requur'es some fine-tuning O(1%) in mz
€ SUSsY DM

the correct prediction of the LSP relic density requires special
relations among parameters with a high sensitivity to small variations

&€ SUSY Baryogenesis
need a peculiar susy spectrum with a stop
much lighter than the susy breaking scale

® CP, Flavour...
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Solving the susy little hierarchy pb

Various proposals on the market:

@ singlet extensions of the Higgs sector: NMSSM and friends
@ gauge extensions with new non-decoupled D-terms

@ low scale susy breaking mediation (A~100 TeV)

@ double protection: (super-little) Higgs as a Goldstone boson

@ add higher dimensional terms: BMSSM

A A
WaMssM = Ml(Hqu)2 + ﬁzsoft(Hqu)Q + no modification to Khaler potential

e allow for heavier Higgs and much lighter susy (stops) particles

e (meta)stable EW vacuum

e window for MSSM baryogenesis extended and more natural

e LSP can account for DM relic density in larger region of parameter space

@ ... more models to come
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Which symmeftry for the Higgs sector

symmetries of the EWSB can help to preserve the SM structure
i.e., to keep the oblique corrections under control

B Contributionto T

SU2)L xU)y SUR2)L xSUR2)g  SO(4)
U(l)em / SU(Z)V o SO(?’)

custodial symmetry < no T parameter
2

B Contribution to S
(v

SU(2). preserves S, but it has to be broken: S ~ 7o

need v« A @ hierarchy problem again.
Higgs as a Goldstone boson

SO@)~ SO(5) SU(5)
SORB) 4 SO eSO ()=
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Little Higgs Models

Higgs as a pseudo-Nambu-Goldstone boson

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
*

QCD: 7*, i’ are Goldstone associated to SU(2)L x SU(2)r

: SU(Q)isospin
- Qo — (S W o)
LxR exact > g
m_L = 1 AQC’D
W — T |
; SR i T -
PH 0,9,9 — 0 would require
Xtop 9,9 thop # 0 A 1 TeV
exact global s strong "~ gV
e o Aq | strong ...}oo low |

.
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Little Higgs = PNGB + Collective Breaking

QL O
AR o
Mg ~ (47_‘_)2Astrong
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Little Higgs = PNGB + Collective Breaking
Higgs € G/H

The coset structure is broken by 2 sets of interactions
L=Lg/ag+91L1+ g2L

each interaction preserves a subset of the symmetry
Higgs remains an exact PNGB when either gi or gz is vanishing
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Little Higgs = PNGB + Collective Breaking
Higgs € G/H

The coset structure is broken by 2 sets of interactions
L=Lg/ag+91L1+ g2L

each interaction preserves a subset of the symmetry
Higgs remains an exact PNGB when either gi or gz is vanishing

/ 24-10=14 PNGR \

gauge SU(2).xSU(2)r subgroup (broken to SU(Z)D)

14-3=11 PNGB left = 31 21/2 1o \,\\()96
if gL or gr vanishes, SU(3)/SU(2) global sym. and Higgs remains massless

Christophe Grojean Newo Theories for the Fersu Scale Krakoeo, July ‘09



LH = A< cancelled by same spin parther

Wt Z WF—{ZH

g
top loop cancelled by heavy toop loop /
Relation among different couplings follows from global sym.

cancellation of div. occurs only at one-loop
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Little Higgs @ LHC

Confrontation of Little Higgs with EW data: needs for a T-parity
light particles = even <« heavy particles = odd
the Lightest T-odd Particie (Usually partner of B.) is stable (DM?)
Little Higgs = jet+ missing Et

Tevatron 0.31 fb' D@ only
Tevatron 8 fb'/exp. ,u = Q
| LEP squark searches

Loy
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o
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o

—. 600 800 1000 1200 1400

300 400 500
T-odd Quarks Mass (GeV)

T-odd Quarks Mass (GeV)

Interesting physics also associated to top partner
(pair production: gg > TT)

Christophe Grod'ean Newo Theories For the Fersnn Scale Krakoeo, July '09



What is the mechanism of EWSB?

susy, LH... models assume that we already know the answer to

What is unitarizing the WW scattering amplitudes?
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What is the mechanism of EWSRB?

susy, LH... models assume that we already know the answer to

What is unitarizing the WW scattering amplitudes?
WL & Z_ part of EWSB sector 2 W scattering is a probe of Higgs sector interactions

w- w-

2
L L E
k k A g ( >
(R M
& ( M va) i o
loss of perturbative unitarity
around 1.2 TeV

OO

b
HLqgs
wt :
pro’roType Susy pr'o’ro’rype. Techmcolor'
susy partners ~ 100 GeV : rho meson ~ 1 TeV
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Higgsless Models
mass without a Higgs
m® = E° —p3° —p°

momentum along extra dimensions ~ 4D mass

quantum mechanics in a box

-

boundary conditions generate a transverse momentum

Is it better to generate a transverse momentum than introducing
by hand a symmetry breaking mass for the gauge fields?

ie how is unitarity restored without a Higgs field?
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Unitarization of (Elastic) Scattering Amplitude

Csaki, Grojean, Murayama, Pilo, T'erning ‘O3

Same KK mode 5| Ep
in.and out St ( )

9nnk 9nnk
gnnnn Innk Innk
gnnk 9Innk

contact interaction s channel exchange

o e e e e— - - — - — — — — — — — —

____________________________________________________________________________

«4<4) (gmm DA gnnk) (£ (3 + 6co — cf) +2(3 — cg) fe° f*°)

\‘\C—J O KK sum rules (enforced by 5D Ward identities)
e H\
5“.,4(2)“"_ | 442 il Z 2 %]3 (facefbde a2 fabefcde
: Innnn Innk M2 89/2
k n
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Postponing Pert. Unitarity Breakdown

Is it a counter-example of the theorem by Cornwall et al.?
i.e. can we unitarize the Theor'y without scalar field?

2

the sum rules canno’r be satisfied with a finite number of KK modes
(to unitarize the scattering of massive KK modes, you always need heavier KK states)

Pushing the need for a scalar to higher scale
With a finite number of KK modes

New Physics
(Higgs/strongly coupled Theory')) not directly set by the weak scale
flat space
M () A My /94 A5D = 247° /g5 = (31/94) Asp

cutoft a factor 15 higher than the naive 4D cutoff
thanks to the non-trivial KK dynamics

cuToff
My (94 =95/V2TR § Mw =1/R)
47TMW/g4 Naive
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Warped Higgsless Model

Csaki, Grojean, Pilo, Terning ‘03

UV brane
Z = Ruv ~ l/N\PI

IR brane
Z)LxSU(Z)R z =Rk~ 1/TeV

R\ 2
ds® = (;) (nwdx“d:c” — dz2)
g-LXSU(2)p q— PR 1016 qey
Ryv

U(I)B L

SU(2).x
A=)
g5B —g5AR3 AL AR == ()
85(ALa_|_ARa) i

a5 95B 2 95AR3

b A e s ORI
,/ - 2 . PSS
£ o el (’&2 95 +2g5 L
R%RlOg(RIR/RUV) Y ‘ijw& R%R 10g(R]R/RUv)>

cst of 6rder unity
MKK 3 \\

(\¢ \
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Collider Signatures

unitarity restored by vector resonances whose masses and
couplings are constrained by the unitarity sum rules

WZ elastic cross section ; . gwwzMi W T
WW'Z > s e
.y Ml Mo ! | |l e = 3 | I \/§MW, MW 1448121)M‘%/
107 ( : a harrow and light resonance
g Higasless ] /
N g ho resonance in WZ for SM/MSSM
T 1 ::0'“ ' :
N : W' production
5 M discovery reach
2 | Luminosity: 30067 4
s e e G G so0a g ¢
Pt , pri> 30 GeV
§1/2 (G&V) ..... g g 107 —_j 2.?<|I]|<4.5 - (10 CVZHTS)
S 5 1l <25 :_
S 1.
b Al 2 e = —1
§,: ' 550 GeV — 10 fb
SM 3 I
S 1 TeV — 60 fb~"
10 ; ,
rPS00 rclm w fsoo 2000 2510() 3000 Should be seen

mz (Gev)

within one/two year
Number of events at the LHC, 300 fb!

VBF (LO) dominates over DY since
couplings of q to W' are reduced
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Facing EW precision data

At the lowest order in the Log(Rr/Ruv) expansion: S=T=Y=W=0

At next order S= i ~ 1.15 ..like in usual technicolor models

g*log(Rrr/Ruv)

S can be tuned away by delocalizing the fermions in the bulk
they will decouple from W', Z' etc

Setup stable under radiative corrections?
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SM Higgs as a peculiar scalar. resonance

WL, Z. are Goldstone bosons ~ pions of QCD Y = 7 " Tkl
A single scalar degree of freedom with no char'ge under SU(Z)LxU(l)y

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lo hTr(D 2D Z)+b4h2Tr(D D)

‘a’ and 'b’ are arbitrary free couplings

b growth cancelled for
...... e oL s a’ st a=1

10 V2 s —m3 restoration of
turbati itarit
w+ o 4W contact R h exchange e Y

For b = @®: perturbative unitarity also maintained in inelastic channels

.
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

—————- a=1' & 'b=1" define the SM Higgs ———-—
Lmass pls EEWSB can be rewritten as DuHTDuH

1 ot 0
PR Yo e
Hire= \@6 ( ., 1 )
h and n*(ie WL andZ_.) combine to form a linear representation of SU(2).xU(1)y
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How to obtain a light composite Higgs?

iggs=Pseudo-Goldstone boson of the strong sector
MHiggs=0 when gsm=0

to-Yuk
Gorr 1o
M @ Strong global G
g BSM symmetry / H residual
-~ it o global symmetry
3 scales: UV completion
47 f A10 Tev
: not easily
1 accessible at LHC
M, = g,/ 7 usual resonances of the strong sector

‘ indirect
v = 246 GeV Higgs = light resonance of the strong sector probes

m p = mass of the resonances
m
0.

9p

Christophe Grojean New Theories for the Ferrr Scale Krafoco, July "0
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Continuous interpolation between SM and TC

k. (weak scale)?

f?  (strong coupling scale)?

)
o*
.
A 3
.
A
.
*
.‘
*

SM limit

all resonances of strong sector,

Higgs decouple from SM;
except the Higgs, decouple

vector resonances like in TC

*
*
*
.
*
*
.
A
.
.
.
.
.
.
DY
PY g

Composite Higgs i |
VS

%%
.
.
.
@
.
@
‘
«
a
«
o
e
]
4,
“a,
",
Ny
Na,
by
Na,
na,
.....
nagy
....
--------
.....
u

BWSB! (a 5 S hz) iy (DMETDLLED

&
Composite Higgs
,@ universal behavior for large f
1 a=1-¢/2 b=1-2¢
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Continuous interpolation between SM and TC

k. (weak scale)?

f?  (strong coupling scale)?

)
o*
.
A 3
.
A
.
*
.‘
*

SM limit

all resonances of strong sector,

Higgs decouple from SM;
except the Higgs, decouple

vector resonances like in TC

.
.
.
.
.
.
.
.
‘
....
* o,
* a
. a
. a
. ]
. ]
{ N a
e ol ]
et ol ]
. ]
et Ny
.....
......
-----
s Ny
an ny
----------
s "
---------
------
.....
.......
Nmg,

SM
Composite Higgs
VS.
Dilaton

1
Lo (a g h +b h2) e D2 DY)

\ Composite Higgs

,@ universal behavior for large f
0:1"&-/2 b:1_2g

1
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SILH Effective Lagrangian

(strongly-interacting light Higgs)

@ extra Higgs leg: H/ f @ extra derivative: 9/m,,

i3 G, G
m2 167T gp :

-
N,
“a
e
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EWPT constraints

02

| <2x 107 removed
2 by custodial symmetry

Barbieri, Bellazzini, Rychkov, Varagnolo ‘O7

g,T: alogmy + b

-

S.T =a((1—cyé)logmy + cylogA) +b

; A CE RIS
e.ffec’rlve mzﬁ iy (_) S < ¥
Higgs mass mp,

LEPTL, for my~115 GeV: L = WD

modified Higgs couplings to matter

.............
--------------
-----------------------------------------------------
-------------



Flavor Constraints

c;i| H|? ik CiiV*\ Yiiv -
(1 7 ij >yz'jfLinRj == (1 F 29f2> ﬁfLiij
mass terms S il 7 Ao 30@3'@2 Yij hfLifR'
22 ) D 5

Higgs fermion interactions

mass and interaction matrices are not diagonalizable simultaneously
if cij are arbitrary

=» FCNC mediated by Higgs exchange <=

=> Minimal flavor violation built in <=

SM fermions = partially composite
rationale for mass hierarchy + built-in GIM suppression-of FCNC's

(cf Buras TN
W ean,Sdﬂy }a%ow) July “09
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Higgs anomalous couplings

Lagrangian in unitary gauge

P my e 1212 i
£ = Laiies ( s Be i . ff(cy—l—cH/Q) —cH—WthW_“—cH—ZhZMZ“) Ly

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
*

f/\ f Wiﬁ'w,w
gs M (1 i CH/Q)UQ/fQ) gs M (1 — ch2/f2)
N %4

L (kS f D= F (s p (2, - ) %/ )]

I (H=— 90 Qe b Tt e dl) <t [1 S RE e vz/fz]

Note: same Lorentz structure as in SM. Not true anymore if form factor ops. are included
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Higgs' BRs and Total Width

with fermions embedded in 5+10 of SO(5)

mu [GeV]
slight modifications suppress bb suppress WW

Higgs total width

e SM
—— composite Higgs

125 150 175 200 225 250 275 300
mu [GeV
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Higgs anomalous couplm s@|LHC

Gludloe GPQ]ean Pomarol, Rattazzi ‘07

A (0BR)/(0 BR)

1 Tor BT R EING Fap i
[ cn v2 / f = 1 /4 o(VBE) BR(h—>WW,ZZ) -
R B e o S 5 sessesesms o(tth) BR(h—>
S " CyU 2/f2 = 1/4 -= o(h))BR(h—Ni)f)y) )
T (h — fF) o —ilaasSut Al - I 0.5 - -:=:+ o(VBE) BRh—>11) =
[ (h— 99)sum =T (b — 99)sm 1 — (2¢y + cr) v*/ 7] % 0.0 _
g :
\b; ........ -
T ] A P L ]
obsertvable @ LHC') L e ¢ o T SR | S o
Duhrssen ‘03 L S B e R 1‘
20 :_ ag%%?]h—’n)) _10 |; l ke PR TP l mRN N P | LCL A " & IJ - B N S ol ]
= Sl wub, OV 1=>YY 120 140 160 180 200
— A X AT R R - o o(h) BR(h—>yy,
1': " ATLAS ................ a%,) 31(3;1,—33,)1,) my¢ (GeV)
1.6 = /s R ek - /
¢ /Ldt:300 ! e i LHC can measure
d > i :
2B \ o7 2
10 b CH £ Cyﬁ
0.8 [
: up t0 0.2-0.4
0.6 [~
0.4 - J.e. 47TfN5—7TeV)
0.2 = .
00 Eralasealeasibe, ., [0 1 E U E NS S (ILC/CLIC could go to few % ie

110 115 120 125 130 135 140 145 150 test composite Higgs up to 4rf ~ 30 TeV)
myy (GeV)
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Composite Higgs search @ LHC

the modification of Higgs couplings and BRs affects the Higgs search

Luminosity tor 5o discovery, 1b

Chris fo/ﬁ/ze, 6}‘?/862/‘)

e Hoyycuts

large
compositeness scale

H—WW — QZM

VIH =y
H — Z7 — 2e2u

120 140 160 180 200

more luminosity required

—=— H—vyy opt
—— H>ZZ >4l
- HoWW 212y

less luminosity required
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Composite Higgs search @ LHC

Eispinosa, Grojean, Muehlleitner ‘in progress

’rhe mOdlfICGTIOH of nggs couplings and BRs affecTs ’rhe Huggs search

contour lines of
luminosity needed
for 5o discovery
in the (¢,Mn) plane

(neglect effects from heavy resonances)
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Strong WW scattering
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Even with a light Higgs, growing amplitudes (at least up tom )
A(WEWE — WEWE) = A(s, t,u)6%6 + A(t, s,u)6%°6" + A(u, t, s)§46%

S S
ALET(Satau) TR d A£ == s
LET=SM-Higgs v 7

unitarity restored by the exchange of heavy vector resonances
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Onset of Strong Scattering

NDA estimates: (ATT—>TT ~ 92) ~ (ALL—>LL ~ S/U2) @ \/E ~ 2Mw
but disentangling L from T polarization is hard
because of the structure of the amplitudes (Coulomb enhancement)

-3/4 <t/s<-1/4
LL = LL
TT »TT
—-e-s LT = LT

t-cut

tot

roy )
> <
T i
2 2
: =
g

0]

1000 1500 2000 2500 3000 500 1000 1500 2000 2500. 3000
Vs [GeV] \s [GeV]

The onset of strong scattering is delayed to larger energies due to
the dominance of TT — TT background

The dominance of T background will be further enhanced by the pdfs
since the luminosity of W inside the proton is log(E/Mw) enhanced

The LHC is barely energetic enough to have access to strong scattering

Christophe Grojean New Theories for the Ferrr Scale Krakoro, July ‘09



Strong Higgs production: (3L+jets) analysis

Contino, Grojean, Moretti, Piccinini, Rattazzi ‘to appear

strong boson scattering & strong Higgs production
CHS

A(Z}Z} — hh) = A(WFW; — hh) =

myp = 180 GeV

fermions in spinorial

Dominant backgrounds: WIl4j, ttW2j, t12W, 3W4;...

forward jet-tag, back-to-back lepton, central jet-veto

wer 1 R < iy /A5
significance (300 fb=1) | 4.0 | 29 | 1.3 | .
luminosity for 5o 450 | 850 | 3500 <& good motivation for SLHC
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The Fermi Scale in the Sky

I have focussed on collider signatures
but models for the Fermi scale can also be tested in the sky

2 Dark Matter

many talks at this conference

® Gravitational waves
if 1st order EW phase transition then production of GW
with a spectrum peaked around mHz

e.8., Grojean, Servant ’06 and references therein

€ Cosmic rays?

e.8., Wileczek’s talk this morning

Christophe Grod'ean Newo Theories For the Fersnn Scale Krakoeo, Tuly ‘09



Goncl B0

EW interactions need Goldstone bosons to provide mass to W, Z

EW interactions also need a UV moderator/new physics
to unitarize WW scattering amplitude

(Higgs/No Higgs) = (Weak/Strong EWSB) does not hold

the SM is certainly, at most, a limit of some dynamical models:
we need to identify and explore possible continuous deformations!

muuns
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a®
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LHC is prepared to discover the "Higgs" ~ e
collaboration EXP-TH is important to make sure
e.g. that no unexpected physics (unparticle, hidden valleys) is missed (triggers, cuts...)

Should not forget that the LHC will be a top machine

and there are many reasons to believe that the top is an important agent of the Fermi scale
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